
In the last few weeks orders for twenty-five Sikorsky S-51 helicopters 


have come from Argentina, Australia, Canada, England and The 
Netherlands. Such orders give fresh proof of the world-wide useful- 
ness of the helicopter and the world-wide recognition of Sikorsky as 
the leader in the field . . . Here is a vehicle that can go anywhere, at 
anytime, in almost any kind of weather. 

SIKORSKY AIRCRAFT 

BRIDGEPORT, CONNECTICUT 

ONE OF THE FOUR DIVISIONS OF UNITEO AIRCRAFT CORPORATION 





PROGRESS IN AIR TRANSPORTATION 

is largely dependent on the development of moi 
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EDITORIAL 


Procurement Legislation Must Be Prompt 


T he political scramble to eliminate wartime 
government controls has already started. In 
general, many of these powers have been retained 
too long. There arc some instances, however, in 
which new legislation must be enacted before control 
is abrogated. Outstanding among these is the mat- 
ter of Army and Navy procurement. 

Present procurement practices are based on the 
First War Powers Act of 1941, which belatedly per- 
mitted the armed forces to negotiate quick contracts 
without regard for previous laws. In aviation, the 
previous laws required competitive bidding and de- 
sign competitions. As the cost of development of 
new aircraft increased, the design competition be- 
came a hazard which no sound business man could 
honestly justify before his stockholders. Under the 
“win-all lose-all” philosophy of the design competition, 
the purely mathematical chances of losing the mil- 
lions it cost to create a new plane were usually three 
or four to one. Even the winner had a scant chance 
of recovery because of the small production order he 
received. 

During one period in the aircraft starvation era of 
the mid-30s, the losses on development projects for a 
group of Navy contractors was more than 70%. At 
the same time profits on production contracts for the 
same group were down around S '! . Capital invested 


in such enterprise would fare much better in the soft- 
drink business. 

One famous warplane which lost in a design com- 
petition was the Flying Fortress, and its develop- 
ment represented a vital sacrifice by its manufacturer. 
Fortunately, procurement officers read the small print 
in the law and discovered that they were permitted to 
let educational contracts. This provision saved the 
design and probably saved the manufacturer. It was 
not until the war was well advanced that Germany and 
Britain realized that one of their greatest strategic 
mistakes had been neglect of the development of this 
basic type of long range bomber. 

In those dark days, the manufacturer was some- 
times able to sell his losing design to a foreign power 
because every other major nation in the world was 
spending a larger percentage of its national income 
for armaments. Although this policy of armament 
expenditure is continued today by these nations, our 
manufacturers’ export opportunities are much less 
than they were before the war. 

If wartime procurement policies arc abrogated with- 
out providing legislation to eliminate the evils of the 
prewar system, the aircraft industry will find itself 
in chaos. It should be a first duty of the 80th Con- 
gress to give immediate attention to the joint pro- 
curement bill sponsored by both Army and Navy. 


Applying ’Copter-Quickened Economies 


I N the months immediately ahead, helicopters 
will broaden their niche in the transportation spec- 
trum. Already they have demonstrated their use- 
fulness in many types of work. Short haul mail 
carrying; crop dusting, drying, and seeding; power 
line and irrigation ditch inspection; and geophysical 
surveying are jobs to which these machines are 
admirably suited. Other uses still unforeseen will 
unfold as time goes on. 

But there is a potential pitfall in the high speed and 
efficiency with which the helicopter performs its tasks. 
An industrial owner might discover that his machine 
accomplished its job so quickly that it remained idle 
for too great a proportion of the time. Hourly costs 
would then appear high because of the substantial 


initial cost of the machine, the continuing pilot’s 
salary, and other items of expense. 

It is therefore highly important at this stage for 
manufacturers, distributors, and users to face the 
problem of maximum utilization of the machine with 
complete realism. Manufacturers and salesmen must 
be satisfied that the potential purchaser is in a posi- 
tion to utilize his machine sufficiently to reach into the 
lower range of hourly operating cost. There may 
even be cases where, no matter how it hurts, the seller 
should suggest rental rather than outright ownership, 
at least in the experimental stages of a new applica- 
tion. The whole future of the helicopter lies in its 
demonstrated ability to do useful work faster and 
more economically than was possible in the past. 
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scries . . . another lightweight, low speed motor 
with an efficiency of 67 percent. It operates on 27- 
volt direct current. 

Compact . . . Number 3 is only 6§§ inches long 
over-all and 3% inches in diameter (over the fan 
shield). It is open-ventilated for light iveight, only 
six pounds without base, and develops one half 
horsepower at 3500 rpm, a rating that’s good up to 
35,000feel! Its design eliminates the need forlubri- 


Because of the co-ordinated series of frame sizes, 
Pesco aircraft electric motors can be built in a wide 
range of speeds and horsepower, thereby combin- 
ing the advantages of both custom design and 
parts standardization. 

Pesco electrical engineers will gladly help you in 
adapting these electric motors to your specific air- 
craft requirements. Write today for full informa- 
tion to Department 47-A. 
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Deep seated comfort is an important factor in luxurious interi- 
ors of todays giants of the skyways . . . Weber's Aircraft 
Division is specializing in particular interior fittings 
such as galleys, single or double seats, toilet 
arrangements, hostess lounges, etc.. 


manufactured to meet exacting customer specifications. Consultation on your 
particular problems is invited. 


WEBER 

SHOWCASE & FIXTURE 
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An Angle of Attack Indicator has emerged from an intensive Kollsman develop- 
ment and flight research program with promise of considerable usefulness to the industry. Because of the close 
relationship that angle of attack bears to aerodynamic efficiency of the aircraft, this indicator offers interesting 
possibilities in its application both to long range fuel saving problems and to the indication of safe flight speeds 
of the aircraft. In the Kollsman system the position of a freely moving vane operating in the airstream is remotely 
indicated on the pilot’s instrument panel, giving constant indication of the angle at which the main airfoil is 
striking the airstream. Reference markers on the dial may be set at pre-determined positions in the manner shown 
in the illustration to designate the stall point and also the most efficient angle of attack. Provision for a visual or 
audible stall warning signal is included. The unit also may be used as a yawmeter. 


KOLLSMAN AIRCRAFT INSTAUMENTS 


SQUARE ]] COMPANY 


AVIATION. April. 1947 


THEY’RE 

DEPENDABLE 


...THEY’RE 

LYCOMING! 


A good airplane is no better than its 
engine. And in the light plane field “Power 
by Lycoming” stands out like a beacon in 
the night. Built to close tolerances, with 
painstaking skill, Lycoming engines may 
be depended upon to take you where you 
want to go — and bring you back — on time. 



LYCOMING 

AIRCRAFT ENGINES PRODUCT 


LYCOMING DIVISION — THE AVIATION CORPORATION, DEPT. BB-5, WILLIAMSPORT, PENNSYLVANIA 
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36 TRUARC rings reduce weight, eliminate parts 
in complex radar aircraft antenna! 



VALDES 


TRUARC V, 

RETAINING RINGS 


• Waldes Truarc Retaining Rings 
cut machining, assembly, maintenance time 



W htti's New 

In Products and Practices 

. . . Key facts on the latest devices and equipment, tools and materials, 
product-and-practice literoture. For additional data on any item, or copies 
of literature, simply fill in handy form (page 77), clip it to your letterhead 
and mail to AVIATION Reader's Service. There is no cost, no obligation. 


Safety Inner Tube 1 

Consisting of a tire constructed of 
rayon cords within a rubber air con- 
tainer, new "Life Protector" safety 
inner tube designed for use on com- 



iis size is 70 x 25 - 28. In event of tire 
failure from puncture or blowout, a 
special valve within tube is said to hold 
sufficient air in rayon emergency tire to 
permit landing of plane without dan- 
gerous lurching or side-sway. Tire is 
said to carry a 30-ton load when in- 
flated to 115 lb. pressure. Outside dia. 
is 63 in., section width 23 in., and 
weight 125 lb. 


ing gear hoist and installation jack 
made by Airquipmcnt Co.. Burbank, 
Cal., is designed to lift complete nose 
and main landing gear assemblies for 
installation and removal on Constella- 
tions and DC-4s. Additional adapters 
are being designed to include other 
commercial planes. Unit is reported 
capable of lifting 2,400 lb. Boom, which 


has a minimum height from ground of 
25 in. and maximum height of 7 ft., is 
raised and lowered by manually oper- 
ated hydraulic pump. Frame is con- 
structed of square steel tubing mounted 
on two rigid and two swivel casters. 
Floor locks hold unit stationary. Mov- 
able boom, pivot mounted to frame, is 
designed to handle various size landing 
gear adapters, depending on strut dia. 
or size of object. Closeup photo shows 
position of adapters. 


Stall Warning Indicator 3 

Actuated by a small tab of metal 
protruding through leading edge of 
wing, new stall warning indicator, 
which shines a red light and blows a 
horn when a stall is imminent, is made 
by Safe Flight Instrument Corp., White 
Plains, N. Y. Its operation is based on 
aerodynamic action of wing in "cutting" 
air so that part of air passes above wing 
and other part passes below. As wing 
approaches stall, division point on 



and horn in cabin. Installed on any 
given plane, device is so adjusted that 
warning is given at a point approxi- 
mately 10'; above critical speed at 
which plane might stall or spin. Tests 
conducted by CAA have revealed that 
indicator will give sufficient alert un- 
der any condition of load, power, or 
attitude of plane. In certain types of 
planes, indicator registers at 54 mph. 
in a straight ahead stall, but at as 
much as 95 mph. in a steep turn. Indi- 
cator is also said to react to difference 
in stalling speed when flaps are low- 
ered. It consists of two basic units— a 
wing unit and an instrument panel 
unit. When circuit is open, vane is 


held down by both air flow and spring 
tension. On takeoff or landing, warn- 
ing operates for a second or two while 
plane passes through critical speed. 
This automatically indicates to pilot 
that instrument is operative. It has 
been designed so it cannot be left shut 

hole.* 1 In center of case is S red light, 
which can be adjusted in intensity but 
cannot be shut off. Horn, also inside 
case, is loud enough to be heard over 
noise of engine. Unit is designed to 
operate on 12v. electrical system, and 
weight is less than 1 lb. 


Flashing Panel Light 4 

Developed as a warning light for dan- 
gerous or extreme conditions of tem- 
perature, pressure, or liquid levels, new 



One piece assembly contains lens, 
lamp, socket, and automatic interrupt- 
ing device. It can be used in any call 
system, or in combination with a condi- 
tion responsive switch. It has ‘,4 -in., 
removable lens available faceted or 
smooth and in standard colors. Unit 
operates on either a.c. or d.c. and 
from 6 to 115v. 


Available in single units or ganged in 
multiple on one shaft to provide inde- 
pendent voltage outputs for several re- 
lated variables, newly designed linear 
wire-wound potentiometer is made by 
Fairchild Camera & Instrument Corp., 
Jamaica, N. Y. Its critical parts fabri- 
cated from precious metal alloys, in- 
strument is stated to have 0.1% ac- 
curacy in 3 in. size, and 0.15% in 2 in. 
size, with service life of over 1,000.000 
cycles. Feature of unit is flexibility af- 
forded by ganging several potentiom- 
eters on one shaft, for related variables 
of resistance tor voltage output) versus 
rotation. Other features are its wide 
angle of electrical rotation (351 and 
355 deg., respectively for 2 and 3 in. 
sizes), low torque requirement of less 
than 1 oz.-in., power dissipation of 
4 and 5w.. and wide overall resistance 
range from 100 to 100,000 ohms. Con- 
tact parts are made of gold, platinum, 
and silver alloys. Unit is intended for 


craft radio, servo-mechanisms, instru- 
ment controls, attenuators, measuring, 
recording, and controlling instruments, 
computing and analyzing instruments, 
and military equipment, such as guided 
missiles, computing gunsights, bomb 
sights and training equipment, radar 
avigation and fire control equipment, 
telemetering, and aircraft engine con- 


Airheld Anemometer * 

Consisting of an outside and inside 
unit connected with a lead or rubber 
covered four-conductor cable, new 
anemometer developed by Hastings 
Laboratories, Marstons Mills, Mass., is 
a single direct-reading instrument 
suitable as an airfled unit for measur- 
ing wind direction and velocity. For 
continuous operation, meter at all times 
registers velocity on high velocity scale 
in mph. from 0 to 125. Right button is 
depressed to get more accurate read- 
ings when wind is less than 25 mph. 
If a direction reading is desired, left 
button is depressed and direction read 



on direction scale. By pushing both 
outside buttons and turning center 
knob until needle points to south it is 
possible to compensate for wear on 
batteries. Fan-type rotor is of cup de- 
sign to eliminate lag due to wind re- 
sistance. Outside unit is made of 
anodized aluminum. Current is sup- 
plied by two flashlight batteries. 


Four-Place Hangar 7 

Occupying ground space of 56 x 56 ft., 
and featuring cable-suspended roof. 
•Aero-Quad", new four-place airplane 
hangar, is made by Timber Structures, 
Inc., Portland, Ore. Sliding doors open 
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International Flare Signal Div. 

WESTERVILLE, OHIO 
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adds spttt-Mvond I’l'iilccl ion 
’s Finest Electrical System 


V.vlipsv-Viim vvr — 

■ UTemono, Ntw jcascy AVIATION CORPOKATIOt 


By opening circuits in one-twentieth of a second. Eclipse* has 
afforded assured protection against damage to the electrical system 
in the event of high voltage. This Overvoltage Protector will be 
recognized by flight operators as a compulsory requirement for 
their aircraft. Aviation will recognize it as an outstanding addition 
to the finest electrical system available. It exemplifies the advance 
thinking and engineering that has kept Eclipse out in front since 
the early days of flying. Details are available u,x>n request. 


AVIATION, April, 1947 



Conformity to your specifications is 
guaranteed by the unequalled accu- 
racy of Booth dies. 

Booth uniformity of quality and 
cutting will show you immediate time- 
savings in assembly of parts. Quality 
plus Experience is the only sure for- 
mula for complete satisfaction. 


to 41 ft. 3 in. with 9 ft. 9 in. clearance. 
Individual hangars have depth of 28 
ft., and tail compartments are 13 ft. 
8 in. wide. Structure is delivered fabri- 
cated and ready for assembly. 


Tangle-Proof Trouble Lighf . . 


board & Supply Co., Chicago, is making 
a new 25-ft. independent recoiling trou- 
ble light. Developed to eliminate tang- 


ling, Neoprene-jacketed unit is mov- 
able to any outlet and adjustable to any 
length by means of a safety clamp. 



which also guards against accidental 
pulling from socket. Cord’s retracti- 
bility is stated to prolong its life, since 
recoiling feature prevents cord from 
dragging on floors or becoming caught 



:tend up to 25 ft. 
t. length. Photo- 
ecotling light with 


Aids Tire Removal 9 

G-PEN TR is new compound devel- 
oped by Gaybcx Corp., Nutley. N. J. 
to facilitate removing tires from rims. 
Maker says when compound is applied 
by squirt-can to tire at rim junction, 
it will penetrate and break bond In 
matter of few minutes with no soften- 
ing of rubber casing. Rust and other 
stains are washed away. Non-toxic and 
non-inflammable, it is prepared ready 
to use in 1. 5, and 54-gal. containers. 


dicating comparator with automatic 
sphere maximum size, automatic in- 


spection system for small parts is an- 
nounced by Arma Corp., Brooklyn, 
N. Y. This system inspects, counts, and 



sorts parts, placing them in "good” 
and "rejected” groups. In conjunction 
with a range of precision components, 
it provides inspection stations to meet 
varying needs. Adaptable for both 
manual and hopper feeds, system has 
range of adjustable tolerances and 
speeds up to 7,000 pieces per hour. 


Adaptable to applications involving 
addition and subtraction of loads, new 
reversing separate-circuit ratchet-op- 
erated multipole sequence relay, Type 
96AFA, has been introduced by Struth- 
ers-Dunn, Inc., Philadelphia. A two- 
coil unit, one operating coil steps cam 
shaft forward, a step at a time, while 
second steps shaft in reverse direction. 
Mechanical stops limit forward and 
reverse travel of shaft. In Installations 

of impulses that can be transmitted to 
coils, it is recommended that normally 
closed contacts be included in each coil 
circuit to prevent possible mechanical 
damage from excessive number of im- 
pulses in one direction. Standard 
ratchets have 12 teeth. Operating coils 


Replacing 2 and 4 lb. units, new 214 
and 5-lb. "CD-Sno Fog" carbon dioxide 
Are extinguishers are announced by 
General Detroit Corp., Detroit. New 
units have been designed to fit In 
same wall brackets which held former 
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units. Changes incorporated in 2’,i-lb. 
size gives overall weight less than old 
2-lb. unit. Extinguishers are available 
in range up to 100-lb. wheel units. Com- 
pany also makes other types, including 
vaporizing liquid, foam soda, and acid 
and pump type. 


Towing Coble 13 

Made of flexible wire rope to handle 
4,000 lb. loads under all towing condi- 
tions. new all-purpose cable, suitable 
for heavy duty towing around airports, 
is made by Wire & Cable Div., Wind 
Turbine Co., West Chester, Pa. Stated 
to be but one-fifth the weight of chain 



of equal strength, cable is designed for 
minimum breaking strength of 20,000 
lb. It has heat treated aluminum alloy 
thimbles with Pres-Tite cable con- 
nectors holding them. Each thimble 
will fit through other, permitting cable 
to be used either as a noose or as 
straight tow cable. It is also furnished 
with sliding choker hook. Cable is 
made of ti-in. 6x19 improved plough 
steel wire rope, galvanized. It comes in 
standard lengths of 10, 12. 15, 20, 25, 
and 35 ft. 


Having output ratings of 130, 160, and 
180 amp. and designed for use on sin- 
gle phase power lines of limited ca- 
pacity, general purposse transformer 
arc welder is available from Westing- 
house Electric Corp.. Pittsburgh. Welder 
comes with line breaker, power cable 
with plug and recepticle, insulated elec- 
trode holder, electrode lead with holder 
and adjustment plug, work lead with 
ground clamp and adjustment plug, 
electrodes, and helmet with lens and 
cover glass. Known as Models WT-13, 
WT-16, and WT-18, they have 20 steps 
of current adjustment between 20 
amp. and rated maximum. They pro- 
vide two voltages — 65v. for small elec- 
trodes on lower half of range, and 50v. 
for larger electrodes on upper half. 
There are Deion circuit breakers to 
control flow of current to welder and to 
give overload and short circuit pro- 
tection. Class B insulation is used. 
Manufacturer states that unit has no 
moving parts. 


Melting at a temperature below melt- 
ing point of sheet aluminum and stated 
to require less preheat and less flux 
than rods previously available, new 
brazing rod for sheet aluminum is 
made by All-State Welding Alloys Co., 
White Plains, N. Y. Maker says new rod 
can be used without danger of burning 
through thinnest sheet used commer- 
cially. It is said to produce corrosion 
resistant welds with good matching 
color and have a tensile strength of 30,- 
000 psi. 


Patterned after type used by AAF, 
new No. P-2010 airport fuel nozzle, 
made by Milwaukee Valve Co., Mil- 
waukee, features right angle design for 
withstanding high pressures and to 




New equipment and 
methods developed during 
the war, plus fine craftsman- 
ship and careful testing com- 
bine to make UTICA Pliers 
and Adjustable Wrenches 
the finest that can be hought. 
Sold only through recog- 
nized jobbers. 
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SINCLAIR REFINING COMPANY 
AVIATION SALES 

630 FIFTH AVENUE, NEW YORK CITY 


< r; ^nrTTTVTYTT\ 


* 

The International Route 


CHICAGO AMO SOUTHERM AIRLIME5 


Now, C & S, the International Route, blazes a one-carrier 
service daily between cities of the Midwest and Havana, 
Cuba. Huge DC-4s link the countries of the Caribbean with 
Chicago in as little as 10 hours, 31 minutes . . . span the Gulf 
from New Orleans to Havana in just 200 minutes! 

It takes skillful planning, expert maintenance to operate 
these new and deservedly popular schedules. C & S, long a 
user of Sinclair lubricants, provides safe, sure engine lubrica- 
tion with SINCLAIR AIRCRAFT OIL, choice of aircraft engineers 
everywhere. 

Today, as ever, SINCLAIR AIRCRAFT OIL helps make for flying 
dependability, as C & S assumes its prime role in linking seven 
great countries with all of Mid-America. 

SINCLAIR AIRCRAFT OIL 

Scftttdol 'plying 


Commercial airlines, private fliers, and aircraft manufacturers have 
found top-quality SINCLAIR AIRCRAFT OIL just as dependable in peace- 
time aviation as it was proved to be in bomber, fighter, and transport 
° engine lubrication during the war. 

rf 1 The high regard in which engineers of Chicago and Southern Air- 
lines hold SINCLAIR AIRCRAFT OIL speaks for itself. For safe, sure air- 
craft engine lubrication, take your cue from C & S— use SINCLAIR 
AIRCRAFT OIL. 


oiftimfio O&coml, 
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Robin Hood would have 
loved these... 



such exceptional structural and metallurgical uniformity 


and quality they might readily be used for arrow shafts. 

Your need in steel tubes may be wholly different from 
this application but whatever your requirements in carbon, 
alloy, stainless ( seamless or Gloweld welded ) and high 
purity ingot iron ( Globeiron ) tubes — look to Globe as a 
specialized, dependable source of Supply. Globe engineers 
and technicians gladly cooperate to help you find exactly 
the tubing you need for even the most unusual application. 
Globe Steel Tubes Co., Milwaukee 4, Wisconsin. 




New B. F. Goodrich cabin finishes 
pass the tests for flving colors 


tnterior decorating for airlines 
J- turned out to be a job for engineers. 
For when the designers looked to ordi- 
nary materials to carry out their plans, 
they found the light materials not sturdy 
enough and the durable materials too 
heavy for airplanes. 

B. F. Goodrich engineers studied the 
problem, developed a group of ma- 
terials— including special types of 
ICoroscal flexible synthetics— which 
lend themselves to rich colors, unusual 
textures, yet meet the requirements of 
quick cleaning, durability, and light 
weight. In the picture, ceiling and side 
panels, luggage racks and armrests are 


covered with the new materials. Bulk- 
heads, doors and the rug are made 
entirely from them. 

The new materials withstand scuffing, 
stay soft and flexible even when formed 
over sharp corners. Interior temperature 
changes won't affect them. Cleaning is 
easy. Ordinary soap and water or simple 
abrasive cleaners do the job. 

There are types for almost every 
part of the interior: walls, armrests. 


kick plates, rugs, wainscoting, cur- 
tains, seat belts. Colors won't wear 
off— and standard colors are now avail- 
able in over 60 shades and tones. Easy 
to install, the new materials may be 
stitched or cemented in place. Some 
types are furnished already bonded to 
glass, plastic materials or metal suitable 
for bending to any desired shape. 

The B. F. Goodrich Co., Aeronautical 
Division, Akron, Ohio. 


B.F. Goodrich 

FIRST IN RUBBER 
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loop, or with a plug-in outside an- 
tenna. There’s a built-in speaker, or 
you can plug in earphones when you 
prefer. And the power can be AC, 
DC or the self-contained batteries. 

All in all it’s a heap of fine, efficient 
aircraft radio packed into 14 lbs. 3 oz. 
Let us send you all the particulars 
about it. Write: LEAR, Incorpo- 
rated, Aviation Radio Sales, 110 Ionia 
Ave., N. W., Grand Rapids 2, Mich. 


Today’s Learavian is the latest of 
this long distinguished line. It’s the 
super-portable for pilots, reflecting 
every advance that radio has made* 
It covers three bands, range and con- 
trol towers, broadcast and aircraft 
communication. It works on the 
ground and in the air with its built-in 


W AT back in 1930, the first 
Learavian appeared. In no time 
at all it was the private pilots’ pride. 
And it’s been aces high ever since. 



our 


reputation 
is at 

stake! Our reputation is at stake every time we sell 
you a nut, bolt, screw, rivet or aircraft fitting of any kind. 
ft That's why Dumont's Inspected Shipment plan is a must 
at all four vast Dumont warehouses, ft Not only must your 
order be shipped correctly . . . and immediately, but before 
it leaves the warehouse, every item must be hand-inspected 
by trained members of Dumont's staff assigned to this im- 
portant job. ft Only by the constant repetition of dependable 
Dumont service like this, can we hope to retain the many 
valued customers we now have . . . and gain new ones, ft It 
is our ambition to soon be able to supply all your aircraft 
hardware needs. It is our belief that we can supply most of 
your requirements now! ft We would welcome an oppor- 
tunity to try. Write for our current stock list. 


DISTRIBUTORSHIP OF RELIABLE ALLIED LINES SOLICITED 
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TRAFFIC efficiency in THE Vickers VIKING. An aircraft planned for a particular job . . . and 
planned down In the smallest detail to do that job with maximum operating efficiency. Large 
entrance door and wide gangways . . . vestibule for coat hangers and light luggage . . . low- 
loading to large luggage hold . . . pantry completely equipped for substantial meals service. 
Points that make for easy passenger handling . . . points appreciated, for example, by British 
European Airways, whose scheduled services have been safely and regularly maintained by 
Vickers Viking medium airliners, current product of Vickers-Armstrongs long experience in 
aircraft design and construction. 



VICKERS - ARMSTRONGS LIMITED ■ AIRCRAFT SECTION. WEYBRIDGE WORKS. WEYBRIDGE, ENGLAND 
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Speeding and tensioning bolts on a reduction gear 



Here's a dual operation where speed is the pass- 
word and even a "good guess” is not good enough. 
Speeding and tensioning bolts and studs on an 
airplane engine calls for tools that are made for 
the job! The speeder handle turns easily and as 
fast as you can move your arm . . . spinning those 
nuts on or off in a hurry . . . because both handle 
grips swivel for easy action. 

When it comes to tensioning studs 
or bolts . . . there is only 
correct way . . . that way 
to know the tension . . . 
accurately ... as the stud 
or bolt is tightened. Snap- 
on Torqometers elimin- 



ate "guess work” . . . give you "factory pressure" 
to the exact foot pound. 

Write today! Ask for the new catalog showing the 
complete line of 4,000 Snap-on tools for assembly 
and maintenance in modern aviation. 

SNAP-ON TOOLS CORPORATION 

KENOSHA, WISCONSIN 


SNAP-ON TORQOMETERS 


to 30 in. lbs. and up i 


SNAP-ON SPEEDERS 
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BEARING FACTS NUMBER £ 




NORMA-HOFFMANN OFFERS DESIGNERS A WIDE 
RANGE OF PRECISION TYPES TO CHOOSE FROM 






Above are eight examples of the complete line of small size (under 
1" O.D.) Ball Bearings by Norma-Hoffmann. They come in both inch and 
metric sizes down to % inch O.D. They are precision made to Norma- 
Hoffmann's standard of absolute uniformity. Backed by 35 years of experi- 
ence, Norma-Hoffmann offers you one of the world's most complete 
lines of anti-friction 
bearings. 


NORMA-HOFFMANN 
Precision BEARINGS 


BEARINGS CORPORATION, 


fAMFORD. CONNECTICUT 
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Designed for versatility. . . 

Torrington Needle Bearings can be adapted to many applications 
with little modification of product design and minimum re-tooling. 
This feature enables Needle Bearings 

To meet your specific needs . . . 

quickly and at low change-over cost. 

In addition. Needle Bearings contribute to lower costs in design, 
fabrication, assembly and maintenance. They help promote compact, 
light-weight designs . . . can be housed in a plain bore without spacers 
or retainers . . . are installed by a simple arbor press operation . . . and 
operate at high efficiency with low maintenance cost. 

To discover how easily the many advantages of Needle Bearings can 
be secured for your product, write for our Catalog #32, or consult 
our engineering staff on your specific friction problem. 

THE TORRINGTON COMPANY 

TORRINGTON, CONN. SOUTH BEND 21, IND. 


TORRINGTON BEARINGS 
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Windshields of Duplate Safety Plate 
Glass are standard equipment on 
Beechcraft Model D18S — another 
example of the industry-wide reliance 
on "Pittsburgh" glasses for airplanes. 

M ANY important advances in air- 
plane design have been made pos- 
sible by special glasses, plastics, and 
glass-and-plastic combinations devel- 
oped by “Pittsburgh.” And as the avia- 
tion industry continues its phenomenal 


progress, there will be other “Pitts- 
burgh” products to meet its demands. 

Continued research and experiment, 
unequalled manufacturing equipment, 
years of experience in glass-making— 
these are your assurance of highest 
quality glass and up-to-date glazing 
techniques. 

When you face new problems con- 
cerning airplane glass or glazing, write 
to Pittsburgh Plate Class Company. 
Room 2103-7 Grant Building, Pitts- 
burgh. Pennsylvania. 
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Airline operators appreciate the contributions to 
flying safety which the Aerojet JATO Motor 
offers exclusively: Greater take-off safety factor 
. . . Bigger fuel reserve against adverse flying 
conditions . . . Reserve power for certain emer- 
gencies ... factors that create a mental attitude 
in the cockpit of incalculable value to the 
operator in his search for complete safety. 

Experience has proved, too, that Aerojet 


JATO provides increased payloads, fewer stops 
for refueling, and reduced operating expenses. 
Far-seeing executives should consider these ad- 
vantages an opportunity to make extra profits. 

Inquiry concerning your own operation 
problems, either on jet assisted take-offs or 
other uses of jet propulsion, is welcomed by 
Aerojet. Write to Aerojet Engineering Cor- 
poration, Azusa, California. 


C. A. A. No. R-l... first C. A. A. “Approved Type Certificate” for aircraft rocket motor 
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HAWKER TEMPEST 


GLOSTER METEOR 


HAWKER FURY 


on leading British Aircraft 


LINCOLN 


• Variable 6c 
eliminate | 


DOWTY CORPORATION ■ 
DOWTY EQUIPMENT 
DOWTY EQUIPMENT (CANADA) 


25 BEAVER STREET . NEW YORK 4 

IMITED CHELTENHAM EN 

IMITED 999 AQUEDUCT ST. MONTREAL 3. 


CANADA. 
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,rs AIRWING! 


• The AIRWING reputation for quality performance spans 
more than a quarter century of achievement in textile 
manufacture for aircraft equipment. That’s why in buying 
AIRWING Fabrics and Tapes you can take quality for granted. 
Made under the exacting supervision of experts from 
cotton through cutting, AIRWING is in demand wherever 
lightweight fabrics and tapes of high tensile strength 
and ease of application are required. 

The airwing line includes airplane fabrics meeting latest 
C. A. A. requirements including Grade A and C. A. A. -2. 
AIRWING Tapes come in a complete selection— Grade A made 
from long staple Pima cotton-pinked edge, sealedge, biased 
and pre-doped. 


W. HARRIS THURSTON, INC. 

Division of Reeves Brothers. Inc. 

40 WORTH ST., NEW YORK 13 
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"With GULF 

L. S. Culling Base 


The Department Foreman consults with a Gulf Lubrication 
Engineer (right) on results with Gulf L.S. Cutting Base in 
broaching various business machine parts. 


we increased production, 
doubled broach life, 
improved work accuracy 
and finish'' 


K AINTAINING production on our verti- 
I VI cal broaching machines is no longer a 
problem since we switched to Gulf L.S. Cutting 
Base,” says this Foreman. "In addition to greater 
output, we get 100 per cent longer broach life, 
improved work accuracy, and a better finish with 
this quality cutting oil.” 

This is one of hundreds of shops that have 
increased production and tool life on precision 
work by using the proper Gulf Cutting Oil for 
each particular requirement. 


Gulf Quality Cutting Oils 

Gulf Lasupar Cutting Oils A, B, and C 
Gulf Electro Cutting Oils A, B, and C 
Gulf M-L Cutting Oils A, B, and C 
Gulf Cut-Aid 
Gulf Cutx B 

Gulf L. S. Cutting Base A and B 
Gulf Soluble Cutting Oil A 


Gulf Cutting Oils established many records on 
the toughest steels and the most punishing sched- 
ules offered by the armament and aircraft indus- 
tries. You’ll find them helpful now in improving 
production and tool -life, and in reducing costs 
below competitive levels. 

Let a Gulf Lubrication Engineer show you why 
Gulf Cutting Oils are ideal for many of your 
machining jobs. Write, wire, or phone your near- 
est Gulf office today. 

Gulf Oil Corporation • Gulf Refining Company 

Division Soles Offices: 

Boston • New York • Philadelphia • Pittsburgh • Atlanta 
New Orleans • Houston • Louisville ■ Toledo 
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~Bendi/ Direct Fuel injection 

CUTS COSTS — ADDS PAYLOAD — ADDS CRUISING RANGE 
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THE AVIATION 



» Air Transport’s Potentials-are measured by present mag- 
nitude of financial and political concern over its develop- 
ment and problems at home and abroad. Right now, trans- 
port overshadows military and personal aviation in the news. 

» One or Several?— Public opinion, opposed to all monop- 
olies since the First Roosevelt, will decide the issue between 
competition and U. S. community overseas air service. The 
one-company proposal is stronger in this Congress than it 
was in the last, mainly because TWA's difficulties color the 
picture. 

Sens. McCarran and Brewster, and Panam and United 
airlines are leading strong support for one company. Pro- 
posed merger of Panam and TWA could be the nucleus 
of chosen-instrument operation. But to approve the hook- 
up, CAB would have to reverse its stand for competition. 
In either case, final decision is with the Administration. 
Truman is for multiple services. But former Army, Navy, 
and State Department opposition to Panam is cooling. 

Everybody now realizes that foreign lines serving U. S. 
will cut into U. S. service, whether we have one or more 
companies; and our economy Congress is in no mood for 
more subsidies. American Airlines, of course, doesn't want 
to compete against a Panam-TWA merger, and it doesn’t 
want to join it either. Incidentally, don’t forget that TWA 
and AA hold 7-yr. temporary certificates. Come termination 
day they can walk out, or be pushed out. 

» Red Ink— While other industries were cashing in on 
1946 war prosperity, the airlines, mainly excepting Eastern, 
suffered financial reverses, due to purchase of new equip- 
ment, reactivation of services and routes, loss of military 
contract income, declining patronage, and spiraling costs. 
TWA was hit hardest by strike and grounding of Constel- 
lations. ©perators arc criticized with some justification for 
barging into a declining business period with strong expan- 
sion programs, also for pushing the safety margin too hard, 
for failing to face their accident problem frankly, and for 
slow response to the epidemic of air traveler gripes. 

» Cards Up— Airlines got excellent press response for 
laying safety cards face up in ATA’s advertising campaign. 
They are seriously advancing their flight aid facilities, with 
reasonable hope of equalling railroad schedule performance 
in four years. Even loudest critics admit it would be foolish 
to sell air transport short at this stage. Of course, as 
Harold Crary says, "At some point in expansion, you will 
simply ran out of people.” 

» Easy Does It— Rows over relative merits of ILS and 
GCA are quieting. CAA was too slow in pushing radar. 
Army and Navy stirred trouble by exaggerating their GCA 
accomplishments. Airlines knew of wartime radar progress 
and could have demanded quicker action. Now, with 
appropriations assured, ILS, GCA, airborne radar, and 
equally important approach lights, will be advanced liter- 
ally for all each is worth. 

» Heavy on Light-Competing in the high intensity 
approach-light field are American Gas Accumulator, Syl- 
vania, Bartow, and Westinghouse, with the first two likely 
to win initial contracts following tests by joint committee 


at Newark, N. J. Approach lighting is a new science, a new 
industry, with plenty of uninformed talk on tap. Bartow, 
whose lights are used by Army and Navy, will have tests at 
Areata Landing Aids Experiment Station next fall. West- 
nighouse has super-high intensity lights in development. 

The President, in a supplemental request, has asked 
$4 million for approach lights, in addition to $25 to $35- 
million appropriations being considered by Congress for air- 
way aids development, including GCA and ILS. in fiscal 
1948. Proposals to crib airways money out of federal-aid 
airport funds is vigorously opposed by local politics. 

» Unification Picture— Congress is going ahead with mili- 
tary budget hearings before it considers the Army-Navy 
unification bill— which indicates no saving is expected to 
result from unification. In fact, the President recently 
admitted that operation of combined forces might cost 
more. Hearings on unification will begin soon; pre-agree- 
ment of Army and Navy on the bill may have terminated 
sharp controversy. Actually, it’s a separate Air Force bill, 
providing a very loose unification. Navy will keep its land 
air bases. Since the future Navy will be air power, what 
comes out will be a sea air force, a land air force, and a land 
army. And much of the land army will fly. 

» Just Push the Button— Having accomplished completely 
automatic flights from Wilmington, O., to San Antonio 
(1,100 mi.) and to New York (550 mi.), AAF now is 
starting robot flying on its regular All Weather Airline to 
Andrews Field, Washington, D. C., which has completed 
133 out of 135 scheduled trips. With plane in takeoff posi- 
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tion, brakes set, push of one button starts sequence of 
automatic controls, including electronics-to take the plane 
off, up the wheels and flaps, make the trip, bring the craft 
in on homing compass for contact with ILS-gyro hookup, 
land it, and set brakes. Pilot must taxi to hangar. 

» Bird of Another Covey— A helicopter is not an airplane. 
The Civil Air Regulations assume it is, and the Helicopter 
Council of AIA wants CAR changed so the rotary wing 
machine can be flown at less than 1,000 ft., and below TOll 
ft. when visibility is less than 1 mi. Council will campaign 
for liberalization of rules in states, and localities also. 


» Up-aud-Down to Round-and-Round— United Aircraft 
Corp.’s Pratt & Whitney Div. last month broke ground for 
first unit of a multi-million-dollar gas turbine laboratory 
ultimately designed for separate testing of compressors, 
combustion chambers, and turbines. Initial unit will house 
two compressor test units as first step in getting now 
widely-scattered test units in one place. Almost simultane- 
ously it was learned that Wright Aeronautical will begin 
operation this spring in the first units of its own multi- 
million-dollar gas turbine test facility. There is increasing 
evidence that both major engine manufacturers are further 
along the jet trail than many have thought. 

» Load-Worthiness— Army and Navy lend powerful sup- 
port to Aircraft Industries’ Assn.’s proposal that a separate 
category of airworthiness be set up for transport planes. 
One reason is satisfactory overloading of aircraft by military 
services. Freighter design approximating that of passenger 
planes is not easily prosed necessary. Freighter operation 
will be valuable laboratory for safety improvement. 

» Watch It!— American lightplane builders should beware 
of the British. Over there, for example, they've got the 
Goldcrest, a 600-poundcr stressed for aerobatics, offering 
75 mph. with a Wren 30-hp. engine. And thev’re plan- 
ning multi-seat versions. Import duty is only 10%. British 
in ’46 invaded U. S. with excellent light motorcycles 
totaling one-third of entire production here. 

» Standardization-of aircraft parts, materials, and equip- 
ment worked out by AIA (technical serviccl with the 
Aeronautical Board (Army and Navy) will make easier and 
more economical the manufacture of military and civil 
planes. Eventually code will come before PICAO. 

» Hughes Boat to Surpius?-Biggest surplus catch at WAA 
may be the Kaiser-Hughes wooden flying boat, shortly to 


be tested at Culver City, Cal. It cost RFC $18,000,000 
and Hughes S2, 000,001) to build. RFC ante'd another 
$1.5 million for assembly and test. If plane is declared to 
RFC for sale, it may turn up as a waterfront night spot. 

» Export Ease-Up-President Truman has lifted restric- 
tions on export of planes up to 55,000 lb. gross, making ex- 
port licenses unnecessary on machines of less than that 
weight. I lold-off on heavy planes is being continued to enable 
National Munitions Control Board (Army, Navy, Com- 
merce, and State Departments) to prevent their use by 
other countries for military purposes. 

» Canadian Notes— Fleet Mfg. & Aircraft, Ltd., has 
formed an American company, Fleet Mfg., Inc., Buffalo, 
to handle sales of Canuck personal planes in the U. S. . . . 
TCA has placed an order for 20 DC-4M aircraft with 
Canadair, Ltd. . . . Canadian Air Transport Board has 
issued nonsched charter-service and flight-training licenses 
to 14 companies. . . . RCAF has ordered three Sikorsky 
copters for use in rescue operations and for Army, Navy, 
Mounted Police, and Government cooperation work. . . . 
Canadian Pacific Air Lines announces 50% reduction in 
airfreight rates from Edmonton to Yellowknife gold camp, 
with passenger-rate cuts also expected. Factor in revision is 
trend by mining companies to operate their own planes. 

—Blaine Stubblefield 


WORLDATA 

KNCLAND— Bristol's Theseus project has pissed official type 
tests for 2,200-hp. rating, and flight trials will be made this 
summer in modified Lincoln. Heat exchanger is stated to reduce 
specific fuel consumption to order of .5 Ib/hp./hr. . . . Rolls- 
Royce's new 3,500-hp. Eagle engine, a supercharged 24-eyl. 
sleeve-salve liquid-cooled H-typc plant, has been installed in' a 
secret Westland fighter. . . . D.C.T. Bennett, BSAA gen. mgr., 
says his company plans no American aircraft purchases, still con- 
sidering Lancastrian as fastest of airliners and cheapest to operate 
because of surplus stocks. 

FRANCE— Test flights arc scheduled for May on third-scale 
model of SE-1200, 140-ton flying boat. Prototype will be 
powered by 8,000-hp. Arsenal engines, but later models will have 
Rolls-Royce Clyde turboprops of equal power. . . . Four-engined 
Lanquedocs arc still grounded because of pilots’ refusal to fly 
behind Cnomc-Rhone 1 4 engines. Company making these planes 

ran Station ft °" blCS a " d “ nOW " mlcr § oi "S 6 ovcn,mcni 
EIRE— Capt. John Kelly-Rogers, crack British pilot, has left 
BOAC to organize and head Irish Airways. Pending is delivery 
of five "goldplatc” Constellations this summer. New company- 
plans to start services from Dublin to Boston and N. Y. C. before 


CHINA— Belief in Chungking is that Gen. Chennault will act 
as advisor to Communications Ministry to aid in reorganization 
of civil aviation and promulgation of new safety laws. . . . CNAC. 
Punam affiliate in China, showed 110 million passenger-miles in 
'46, accounting for over 80% of national total. 

INDIA— Fifteen air routes were operated in India as of end of 
'46, totaling 11,600 mi. Plans call for development of system 
to over 20,000 mi. by '48. Operating deficits and low capital of 
existing airlines arc, however, making a strong case for nationaliza- 
tion of Indian air transport. . . . Karachi is considering levy of a 
passenger head-tax to cover airport operating costs, and indications 
are that airlines may avoid Karachi if tax is enacted. 

WEST INDIES— Britain’s BSAA has purchased majority interest 
control in BWIA, British West Indian Airways of Trinidad, as 
part of a program to extend services throughout Caribbean area. 
BSAA plans early flights to Trinidad, and meanwhile BWIA is 
projecting an expansion westward which would connect BSAA 
with the U. S. and Central America. 
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Design Details 

of the Northrop XB-35 


First revealing study of the world's first flying wing superbomber, show 
ing wide variety of ingenious features of this advanced type aircraft. 
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Dual Purpose: Web stringer section of front spar shown below pro - Fuel Tank Wall: By installing a solid corrugated metal rib , es- 
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Leading Edge Flap Slot: 

Structural simplicity is op- 

mounted series of solid 

shape. When mounted on 

close this intake slot of high 
speeds; automatically open 
inward at speeds approach- 
ing stall. Upper surface 
slot flap, connected with 
lower flap, will open inward 
simultaneously. Hand holes 
give access to spring-loaded 
links ( insert ) which connect 
upper and lower slot Bops. 
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French and British Turbojets 
Show New Features 


French-built axial unit uses split air flow as fuel economy means 
. . . De Havilland Ghost centrifugal plant develops 5,000 lb. thrust. 



o streams, outer of 


U tilizing .1 split nil-flow — in which 
part of the total intake bypasses 
the turbine — France’s Rateau 
SRA axial flow turbojet is now deliver- 
ing 2,200 lb. static sea level thrust for 
a specific fuel consumption of 1.05 
lb./hr./lb. thrust. 

Development of the unit started in 
1939 and was continued by Societe 
Rateau cngincei-s during the occupa- 
tion without knowledge of either Ger- 
man or British designs. It is sched- 
uled for initial test flights soon in a 
SO-6000 (page 112, Mar. Aviation). 

Entering air passes through four 
stages of compression, where its flow 
is split, part being diverted outward 
through six ducts to an annulus by- 
passing the turbine, this air entering 
the tail pipe, just aft of the turbine, 
around the hot gases. Remainder of 
the entering air goes through twelve 
additional compression stages, where 
its flow is reversed and directed into 
nine combustion chambers grouped 
around the central core. Hot gases 
from this flow next go through a 
2-stage turbine, to join the exterior- 
flow low-pi-essure flow previously men- 
tioned, and then go out through the 
tail pipe. 

Overall dia. of the engine is 48 in., 
length is G ft. 10 in., and weight is 
2,200 lb. Maximum rated speed is 
7,500 rpm., and turbine nozzle tempera- 
ture is 1 ,380 deg. F. 

Rateau engineers concede the weight 
and dimensions are high ns compared 
with a full-compression type engine. 


but they estimate that both would be 
offset on long-haul flights because of 
lower fuel requirements. 

With a conventional axial type op- 
erating at 6.25 compression ratio with- 
out “dilution,” the engineers calculate 
specfic fuel consumption (at 560 mph., 
16,400 ft.) would be 1.3 lb./hr./lb.- 
thrust. With a “dilution” of four — 
that is, one-fourth of the air going 
through full compression and the rest 
bypassing the turbine— consumption 
under the same conditions would be 
1.07 lb./hr./lb.-thrust. Similarly, static 
sen level thrust in the first case is 1.6 
times the total at 560 mph. at 16,400 
ft. : in the second ease it is 2.35 times. 

Continuing their work on the “dilu- 
tion” theory, Rateau engineers arc cur- 


rently studying an engine with greater 
air intake, higher temperatures, and 
higher pressures, with which they hope 
to achieve 7,700-lb. thrust with specific 
fuel consumption of about .75. 

The DeHavilland Ghost 

Second in the line of deHavilland 
turbojets is the Ghost, a centrifugal 
thronghflow unit developed from the 
Goblin (Apr. 1946 Aviation). The 
new power plant is currently rated at 
5,000 lb. static sea level thrust, a gain 
of 2,000 lb. over its predecessor, with 
a 3-in. dia. increase to 53 in. 

Principal differences in the Ghost 
include : 

Introduction of four turning vanes 
in each diffuser to give the air the nee- 
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Cutaway drawing showing design and construction of deHavilland 
Ghost, 5, 000-lb. unit developed . tram Goblin. Ghosl turns out 2,000 


essary 90-deg. turn with minimum duct 
losses', use of 10 (instead of 16) com- 
bustion chambers of larger dia.: use 
of divided ports in combustion cham- 
bers; and greater use of magnesium. 

The Ghost retains use of the single- 
sided impeller, which deHavilland en- 
gineers claim reduces pressure losses 
to a minimum and permits obtaining 
nearly 95 % of available ram effect 
without creating difficult airflow re- 
percussion-. 

It has a large-diameter main shaft 
to which both impeller and turbine arc 
mounted directly, giving a particularly 
rigid structure. This, according to 
deHavilland, gives better alignment- for 
smoother running and also simplifies 
both production and maintenance. The 
impeller is milled out of an aluminum 
alloy forging, and it delivers 85 lb. of 
air per sec. at a compression ratio of 
about 4.25:1. The turbine disk is of 
Jessup ferritic steel, with 97 Nimonic 
80 non-ferrous blades set in Christmas- 
tree broached serrations and pcened in 
place. 

The engine is built around a conical 
center casing made up of two pieces of 
welded stainless steel. The cast mag- 
nesium diffuser is bolted to the large 
front end; the rear bearing housing is 
bolted to the small rear end. Ten large 
dimples ai-e pressed in the center 
easing, with combustion chambers fit- 
ting in each to reduce overall dia. 

It can be mounted by extension bolts 
going through the diffuser casing, in 
which ease a braced frame with foui- 
pickup points, as on a radial engine, is 
recommended. However, four pads are 
provided at 90-deg. on the periphery 
of the diffuser casing, in which case 
two could be used as trunnion support- 


with either the top or bottom pad util- 
ized as a steadying member. 

Specifications and Performance Data 

Overall length 10 ft. 2 in. 

Maximum dia 53 in. 

Dry weight 2,011 lb. 


Takeoff weight 2,096 lb. 

Maximum speed 10,000 rpm. 

Cruising speed 8,500 rpm. 

Tdling speed 3,000 rpm. 

Thrust, max. static sea level. .5,000 lb. 
Fuel 

consumption. .1.061b./hr./lb. thrust. 



Center cosing backbone ol deHavilland Ghost, showing dimples lo accommodate combustion 
members. Diffuser casing bolls to Iron t end ol center casing; rear bearing housing is bolted 
to small end in foreground. 
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Smoke-Spotting "Eyes" 
Give Plane-Fire Alert 


By JOHN H. CANTLIN, 

C-O-Two Fire Equipment Co. 


CAA requires passenger airliner 
baggage and cargo compart- 
ments to be fitted with smoke 
warning apparatus. Described 
here are speedy, highly accu- 
rate, and lightweight devices 
especially developed for air- 
craft installation. 


F ou man v veaks ultentiou of en- 
gineers lias been l'oeused on air- 
craft power plant fires, largely 
because of danger from llainmable li- 
quid fuel and luhriennts, which cause 
fast-burning fires. Recently, however, 
an increasing amount of study has been 
given to fires originating in cargo and 
baggage spaces. 

Fires of this hitter character in- 



Ercept that it is fitted with intake and outlet tube instead of louvres, this detector is the some, 
in all other respects, os natural convection type . 
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volve relatively slow-burning carbo- 
naceous materials and, therefore, re- 
quire a different method of detection 
than is employed for flammable liquids. 
Smoke detection is ideal for revealing 
such combustion in the incipient stage, 
because carbonaceous materials usu- 
ally generate smoke for an appreciable 
period before bursting into flame. 
This is recognized by CAA, which re- 
quires that all passenger airlines in- 
stall approved smoke detecting equip- 
ment in baggage and cargo Spaces. 

In early studies made by engineers 
of the C-O-Two Fire Equipment Co., 
working with American Airlines, it 
was proved that- the method of smoke 
detection used for many years on 
marine cargo fires could be success- 
fully adapted to detect aircraft cargo 
fires. For application to aircraft cargo 
and baggage spaces, two types of 
smoke detectors were thereupon devel- 
oped, both of which are on the CAA 
list of approved devices, and are being 
installed by leading U. S. airlines. 

First development is the “natural 
convection” type smoke detector, which 
does not require a blower or other ex- 
haust means, nor does it require 
tubing. Air or smoke enters the detect- 
ing chamber through light-trapping 
louvres in the top, bottom, and both 
sides of the cabinet. Dense or dilute 
smoke (any color) will be detected in 
flight or on the ground, provided the 


The other development is the “tube 
type” smoke detector. This unit may 


he installed inside or outside of the 
protected space and most be con- 
nected by '/o-in. tubing to a blower or 
small clamshell. The blower also may 
be installed inside or outside of the 
protected space. Several arrangements 
limy be made, depending upon user's 
requirements. 

Both types have all delecting parts 
housed in a small aluminum cabinet, 
measuring 3’/-* in. x 4 in. x 11 1 s in., 
the entire assembly weighing less than 
■>'/, lb. When smoke enters this cab- 
inet, the smoke particles reflect light 
from a concentrated beam onto the face 
of the detecting photocell, increasing 
its output. Simultaneously, smoke sus- 
pended between the lamp and the bal- 
ancing photocell decreases the output 
of this latter cell, thus enhancing the 
unbalanced condition caused by in- 
creased output of the delecting photo- 
cell. Resulting differential effect closes 
the relay circuit, which lights a red 
signal lamp on the instrument panel, 
-sounds an alarm, and indicates the 
exact location of the lire. 

Since the photocells generate only fi 
micro-amp. while at. rest, their life is 
greatly prolonged. The entire circuit, 
including relays, lamps, photocells, and 
power supply, can be tested before or 
during flight by moving the switch 
(mounted on the instrument panel I 
first to “Test”, then to “Reset" posi- 
tion. The toggle switch automatically 
returns to normal operating position. 
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Gaging Rocket-Engine 
Forces and Flows 


Here are the basic operational factors which must be measured, 
and the types of devices needed for the all-important work in this 
new power plant field. 


By GEORGE P. SUTTON, Aerophyti 


M any types op rocket engines 
have recently been invented 
and developed for flying mis- 
sile power plants, assisted takeoff 
units, and aircraft propulsion devices. 
Testing and measuring the perfor- 
mance of such rockets on the ground 
is basically different from measuring 
performance of conventional engines. 
A liquid rocket engine, for example, 
consists essentially of a rigid chamber 
in which a rocket fuel and rocket oxi- 
dizer react chemically to form hot 
gases which in turn expand through 
a nozzle at high velocities, thereby 
giving a reactive thrust force. 

Since a large quantity of heat is 
evolved in the chemical reaction, it is 
necessaiy to cool the chamber and noz- 
zle walls, this cooling often being ac- 
complished by circulating either the 
fuel or the oxidizer through a cooling 
jacket. Fig. 1 is a schematic diagram 
of a liquid rocket engine, showing the 
locations at which basic quantities can 
be measured. 

The physical quantities, which arc 
usually measured to describe the test 
stand performance of a rocket — each 
of which will be discussed separately — 
are as follows: 

1. Forces — thrust or reaction 
2. Flow of propellants 
a. Fuel flow 
b. Oxidizer flow 
3. Pressures 

a. Combustion chamber pressure 
b. Propellant- pressures before in- 

4. Temperatures 


b. Walls of chamber and nozzle 

c. Fuel and oxidizer 

5. Velocities of jet gases 

a. Chemical composition 

b. Size and shape 

It is noteworthy that no direct meas- 
urements of power are made, since 
there are no moving mechanical parts. 

All the above measurements may be 
of two types — those made under steady 
static conditions where only gradual 
changes occur in the measured quan- 
tities. and those indicating transient 

The latter type requires instruments 
which have a response of at least 5(10 


these transient phenomena in experi- 
mental units, since it has been found, 
for example, that some units fail dur- 
ing the starting operation. An exact 
knowledge of the phenomena during 
this starting period has contributed ma- 
terially to prevent such failures. 

Performance of liquid rocket en- 
gine is usually tested at ground level 
in a test pit so designed that the oper- 
ator controls the unit remotely so that 
failure of the rocket will not harm any 
of the personnel. A typical concrete 
test pit is shown in Fig. 2. 

Actual flight tests at various alti- 
tudes and various flight conditions are 
conducted only after a rocket unit 
has proven successful in stationary 

1. Thrust: The stand which sup- 
ports the rocket unit is so designed 
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usually 


verage pres- 


Fig. 4. Detail o I hydrau 


Pressure pickups capable of a high 
frequency response will not only give 
transient starting and stopping pres- 

pioture of the actual course of the 
pressure. All these pickups art 
ally connected to recording n 
graphs or oscilloscope screens fo 
recording and observation. Such pick 
ups arc capable of a response of sex 
cral hundred cycles (in one instanc 
several thousand cycles per second 
and have a linear characteristic bi 
tween pressure and electrical output 
are insensitive to temperature effects, 
and are readily calibrated. 
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Ouc principle of pickup operation 
is to apply the pressure against a 
circular diaphragm, thereby causing a 
deflection of the diaphragm. This de- 
flection changes the small airgap be- 
tween the diaphragm and an adjacent 
plate. It therefore acts as a variable 
condenser. By means of an PM circuit 
it is possible to convert the varia- 
tions in capacity into a useful elec- 
trical signal. Several pickups devel- 
oped by the Aerojet Engineering Corp. 
are shown in Fig. 5. 

It has been found that the thrust for 
a given rocket unit is a function of the 
chamber pressure, hence it is possible 
to deduce thrust values from chamber 
pressures. A chamber pressure gage, 
put on the cockpit control board, may 
readily be graduated directly in units 
of thrust. 

4. Temperatures: Chamber wall, 

propellant, and nozzle wall tempera- 
tures have been measured successfully 
by means of thermocouples. The usual 
precautions for their proper installa- 
tion have to be obeyed to obtain reli- 
able results. In some instances special 
types of thermometers have been used 
to measure propellant temperatures. 

Successful measurement of rocket 
engine wall temperatures requires de- 
sign provisions for instruments, such 
as thermocouples, which are built di- 
rectly into the unit. 

Wall temperatures are of great in- 
terest to the rocket designer, since 
overheating will produce softening and 
failure. The amount of heat absorbed 
by a propellant in a cooling coil can 
only be determined if its temperature 
is measured. 

An entirely satisfactory means of 
measuring high gas temperatures has 
not yet been developed in this coun- 
try. Not only is this problem aggra- 
vated by the extremely high tempera- 


relopeJ by Aerojet Engineei 


temperature gradient (sometimes o\ 
4.000 deg. F.l, but also by the i 
tremely high velocity of the gases, i 
peciallv at the nozzle section (1 I 

Means of measuring these tempei 
tures are usually only approximate 
Some few measurements have been 
made using pyrometers and other op 
tical means, but these methods are co 
plicated and not always applicable to 
usual types of rochet units. In the near 
future, there may be developed some 
optical or radiation type of measur- 
ing instrument which will be capable 
of a high accuracy and easy installa- 

A crude way to measure exhaust jet 
temperatures is to immerse stream- 
lined metal tips into the flame, the 
differing discoloration of the pieces in- 
dicating the temperature of the jet 
Such a method is accurate within prob- 
ably not more than rfc 200 deg. F. 


1.S00 d 


g. F. 


5. Velocities of Jet Gases: Direct 
velocity measurements are made only 

ticc to calculate the effective exhaust 
velocity V (ft./sec.) from the thrust 
force F (lb.) and the propellant flow 
W (lb./ sec.) and the acceleration of 
gravity G. 

Direct measurements of the exhaust 
velocity have been made with a high 
speed camera, determining the distance 
traversed by particles in the flame for 
the small duration of the exposure time 
of the individual film frames. A photo- 
graphic determination of the Much 
angle of shock waves in supersonic jet 
flames will also permit a determination 
of the jet velocity, provided the jet 
temperatures are known. 

6. Flame: The chemical composi- 
tion of the flame determines the de- 
gree of completion of combusion, this 
calculation being similar to a flue gas 
analysis. A sample of the exhaust gas 
is drawn from the engine through a 
cooled sampling tube and is chemically 
analyzed. It is also important to know 
the shape of the flame in order to de- 
termine how close adjacent aircraft 
parts may be brought. 

Recording of Data: It has become 
more or less standard practice to group 
all important gages in the field of a 
camera and to photograph this panel at 
regular time intervals. Similar meth- 
ods have been used in flight-test 
technique. 

To determine rapidly changing 
phenomena, electric recording means, 
such as oscillography, have been em- 
ployed successfully. A typical oscillo- 
gram showing thrust, chamber pres- 
sure, fuel pressure, oxidizer pressure, 
timing reference, cylinder wall temper- 
atures, and valve positions, is shown in 
Fig. 6. 
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Improved Static Testing 
Helped Prove DC-6 



By WARREN W. BRADLEY, Strength Test Engineer, Douglas Aircraft Co. 

Revealing how Douglas engineers took an off-the-line sample of 
company's newest airliner and successfully applied new strength- 
gaging methods — yielding vital data with little interruption in 
production of the craft. 


O NE OP THE FIRST Douglas DC-6 
airliners to near completion on 
the company’s Santa Monica 
production line was used as a guinea 
pig in a unique and newly-developed 
test program to demonstrate its struc- 
tural strength, and that of its suc- 

It was subjected to five critical com- 
binations of positive flight loads and 
one negative load condition (those re- 
sulting from flying at- various speeds 
into upward and downward gusts of 
wind). These loads were carried to 
just the maximum values that the plane 
was expected to encounter under the 
most adverse flying conditions. Fur- 
thermore, the fuselage was simultane- 
ously subjected to internal air pressure 
corresponding to pressure differential 
which exists at 20,000 ft. with cabin 
interior at 8,000-ft. pressure altitude. 

In planning and conducting this test 
program it was necessary to keep in 
mind three considerations: (1) Ac- 
curate measurement of loads. Under- 
loading would invalidate the test, while 
overloading could result in permanent 
distortion, or, if maintained over a 
considerable extent, in destruction of 
the aircraft. Several independent load 
measuring systems were employed, and 
readings from them were constantly 
compared as loads were applied. 
(2) Economy. Tests had to be arranged 
so that the test plane could be re- 
turned to the production line as soon 
as possible with n minimum of dis- 
ruption to production schedules. 
Elapsed time required for tests was 
slightly over two weeks. (3) Safety. 


or to the plane. 

Wing Loading System 

In the early days of static 
a typical wing test would ci 
turning the plane upside do 
porting the fuselage in a 
distributing bags of sand 
on the lower surface of th 


up-loads t- 
with “whiffle t 
veloped. 

The whiffle tree linkages were di- 
vided into several groups, each being 
loaded by means of a large steel cable. 
Each cable went from its linkage sys- 
tem to two pulleys on top of the wing 
loading jig, which was located just in 
front of the wing, and finally to the 
hydraulic loading jack which was also 
attached to the jig. 

The cable system of loading made it 
difficult- to operate wing loading jacks 
at uniform pressure. Also, attachment 
of cables to loading cylinders and 
linkage was uncertain at high loads, 
while friction of cables passing over 
pulleys introduced errors into the load- 
ing. Cables twisted and stretched 
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badly, the twisting tending toward mal- 
functioning of hydraulic loading cylin- 
der packing. Stretching of cables 
often resulted in bottoming of wing 
loading jacks, which necessitated in- 
terrupting the test to install other 
jacks. The struggle with cables was 
abandoned two years ago in favor of 
“walking beams”, which have now been 
used successfully in proof tests of the 
Douglas XB-43 and DC-6. 

Wing loading system used in the 
DC-6 is as follows: Loads are applied 
to the wing structure through steel 
fittings bolted to the outer faces of 
wing spar caps. These fittings are con- 
nected in pairs by steel beams laying 
in a ehordwise direction. Interconnect- 
ing the ehordwise beams is the system 
of spanwise whiffle tree linkages. 
Linkage systems are arranged in 
groups, each loaded through one of the 
walking beams. These are welded steel 
box beams supported at their fnlcrums 
by low friction bearings. Forward ends 
of the walking beams are connected to 
hydraulic loading cylinders by means 
of steel tension links, distances from 
fulcrums to loading links being so ad- 
justed that all hydraulic cylinders op- 
erate at the same hydraulic pressure 
while obtaining required load distribu- 
tion on the wings. 

Hydraulic jacks were attached to 
weight pans, which were ballasted to 
correspond to the limit load. Acci- 
dental overloading of structure was 
thereby prevented, since the weight pan 
would lift from the floor before an ex- 
cessive load could be applied. Inertia 
loads on the nacelle and engine sections 



loads. Such inertia loads are applied 
to dummy engines attached to the en- 
gine mounts in the same way that ac- 
tual engines arc mounted. Loads arc 
applied hydraulically at points cor- 
responding to the C.G. of each engine 
section. 

In the method described above, no 
attempt was made to simulate dis- 
tribution of air load along upper and 
lower wing surfaces, although actual 
shears, moments, and torques due to 
flight loads were closely duplicated. 
Effect on wing ribs and stiffeners of 
combined air loads and fuel pressure 
loads had been determined earlier in 
an extensive destruction test program 
on typical wing section specimens. It 
was not considered necessary to dupli- 
cate this previous work while testing 
the complete plane. 

Fuselage Loading System 

Most of the fuselage load was ap- 
plied by putting water into tanks ar- 
ranged along the plane floor. These 
tanks were of welded light steel plate, 
some of which were necessarily too 
large to get through the cabin door 
and had to be assembled inside the 
fuselage. Tanks were interconnected, 
for filling and draining purposes, by a 
flexible manifold (flexible to prevent 
spring due to fuselage deflection), and 
each tank had its own gage glass and 
shut-off valve. 

pig lead along the fuselage floor and 
in the baggage compartments, since it 
was impractical to make the tanks 
large enough for 100% loading using 


water alone. To simulate inertia loads 
of tlie cockpit section, down loads were 
also applied by means of hydraulic 
tension jacks to nose gear attachment 
fittings. Likewise, horizontal control 
surface balancing loads were simulated 
by tension jack loads applied directly 
to fittings to which these surfaces were 
normally attached. It was unneces- 
sary to simulate load distributions in 
the cockpit and empennage because 
these sections were vigorously tested in 
separate trials. 

First load increment used all the pig 
lead required, so that succeeding load 
increments were applied entirely with 
water and external hydraulic jack 
loads. The plane was depressurized be- 
tween loading increments. The appear- 
ance of the fuselage as it was pres- 
surized under load was interesting — 
for compression and shear wrinkles in 
the skin almost completely disap- 
peared as maximum pressure was at- 
tained. Measurements of the loaded 
fuselage indicated that its bending de- 
flection was reduced approximately 
10% as it behaved like a huge Bourdon 

Loading, using the city water pres- 
sure, proved to be immensely more 
rapid and efficient than the old method 
where lead pigs were manhandled into 
the fuselage. Although it required 
practically no manpower, unloading 
proved to be somewhat slower than ex- 
pected, even when a bilge pump was 
borrowed from the plant’s fire depart- 
ment to speed up the operation ! 
Larger diameter piping will be used in 
the next test. 
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Hydraulic Loading System 

Hydraulic test stand used in static 
test work at Douglas is a very simple 
one, consisting essentially of a reser- 
voir, a hand-operated pump, pressure 
gage, and hand-operated valves, as re- 
quired. An electric motor driven pump 
is also provided for use where large 
volumes of fluid must be moved. The 
fluid which has been found most suit- 
able is SAE 10 lubricating oil. Lack 
of an accumulator in the panel gives 
the pump operator direct “feel” of the 

tect any yielding of test- structure. This 
feature also causes pressure to drop if 
there is any yielding, and it prevents 
“follow through” of loading jacks in 

Tension jacks arc most frequently 
used in tests, supplemented by the com- 
pression type. Jacks arc especially de- 
signed for static test purposes, with 
various piston areas ranging from 2 
to 40 sq. in., and maximum capacities 
from 10,000 to 200,000 lb. Maximum 
working pressure is 5,000 psi., though 
half that pressure is usually the maxi- 
mum used in proof tests. 

One hydraulic device used for the 
first time on a major test was the pro- 
portioning valve — used because the liy- 
dranlic jacks, for loading the nacelles 
during wing tests, were required to 
operate at pressure different from that 




being supplied to wing loading jacks. 
Hydraulic fluid from the manifold 
leading to wing jacks was piped 
through two proportioning valves. 
Outlet pressure from each of these 
valves was automatically maintained at 
a constant fraction of manifold pres- 
sure. One valve was adjusted to de- 
liver pressures required for loading 
outboard nacelles and the other was 
set to take care of inboard nacelles. 

Electric Strain Gage Instrumentation 

Strain gages were extensively used 
in their most frequent role — that of de- 
termining tension, compression, and 
shear stresses in various critical sec- 
tions of the structure. Data were auto- 
matically preserved by a Brown re- 
corder at each load increment — i.c., at 
30%, 50%, 70%, 90%, and 100% 
of limit load. Deflection and load 
measurements were also made by means 



and a reference point, respectively. 
Ring is installed pre-loaded. As struc- 
ture deflects, the ring elongates (or 
flattens), and resulting strains in the 
ring arc measured with strain gages 
and converted into inches of deflection 
at the Brown recorder. 

A loading ring was coupled with 
each hydraulic loading jack to provide 

loads independently of hydraulic pres- 
sure. The loading ring differs from the 
deflection ring in that it is built strong 
enough to carry heavy loads, and the 
resulting strains in the loading ring 
are converted to pounds of load. 
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Radio "Fix' Device 
Enables Pinpoint Avigation 

By FRANCIS C. BYRNES 


A system of coordinated compasses, utilizing standard ground radio 
signals, automatically and continuously plots the course of an air- 
craft, transmitting to pilot an easy-to-follow visual picture of the 


craft's location. It's proposed 
safety during bad weather and 
stacking time at destination. 


E ncountering a heavy storm 
front on a flight from Hamilton 
Field, the Anny Douglas C-47 
pilot contacted the Los Angeles radio 
range for clearance to Clover Field at- 

"Congested traffic. Two-hour delay," 
came the discouraging reply, followed 
by detailed holding-procedure instruc- 

“Situation made to order for us,” 
smiled the pilot. Contacting the tower 
again, he explained he had "special 
equipment aboard and requested per- 
mission to fly out over the Pacific 


as a new way of increasing air 
also as a means of cutting down 


Ocean away from the range legs, let 
down over water, and then proceed to 
Clover Field. 

Permission granted, the pilot turned 
then to interested observers who had 
crowded near and marked on the map 
the exact point he intended to let down. 
Pointing to a small indicator mounted 
at the front of the cockpit, he said, 

Following intently the movement of 
two intersecting beams of light across 
the indicator’s face, the pilot headed 
his craft out over cloud-hidden ocean. 
Then, making a 380-deg. turn, he be- 



gan to let down into the heavy over- 
cast. Minutes later the C-47 broke into 
the clear with less than a 1,000-ft. ceil- 
ing and proceeded directly to a safe 

The “special equipment," which as- 
sured the pilot a safe instrument let- 
down directly toward the nearby 
9,000-ft. mountain peaks, consisted of 
two standard automatic radio com- 
passes, a flux gate compass, and a 
unique indicator. The indicator con- 
solidates, into one instrument, the read- 
ings of all three compasses and pro- 
vides at a single glance all horizontal 
plane data required for avigation. 
Pilot of the C-47 was Lt. Col. L. G. 
Duggar, inventor of this simplified avi- 
gational aid, known as the Duggar 
Radio Fixer. 

Designed by the colonel while as- 
signed to the 4th Air Force, the device 
was built by AAF personnel at Hamil- 
ton Field, Cal., for training operators 
of ground radar stations. Through use 
of the instrument, Army pilots flying 
on top of overcasts or over water were 
able to check and report on the ac- 
curacy of ground fixes reported by 
radar teams being trained to plot and 
track aircraft. 

Installed in a C-47, the Fixer was 
flown more than 500 hr. during the lat- 
ter part of 1945 and early 1946. Many 
of these flights were in extremely un- 
favorable weather; some of those made 
in California were over mountains and 
in weather equally as severe as that 
responsible for several disastrous air- 
line crashes in the same area. 

With the Fixer, which can be oper- 
ated with any existing ground radio fa- 
cilities and aids, the pilot can know, 
with reasonable accuracy, his position 
or fix at all times. It allows him to fly 
any random course without becoming 
lost, and will permit him to anticipate 
his future position. 

While the Fixer is a new departure 
in instrumentation, its principle is sim- 
ple triangulation. It has a flat, trans- 
lucent face, approximately 5 in. in 
dia., in the center of which is the flux 
gate compass indicator needle. On each 
side of this needle is a radio compass 
indicator card. Top of the instrument 
always represents true North, and a 
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thumb screw permits rotation of the 
cards through a 180-deg. arc relative 
to the center of the instrument. When 
so rotated, each card is self-aligning, 
with the zero always to the top of the 
instrument. Thus, the two cards may 
be oriented with respect to the top of 
the instrument exactly as ground radio 
stations being received are in relation 
to true North on the map. 

In operation, each radio compass in- 
dicator is tuned to a different ground 
station. From each indicator, a beam 
of light impinges on the translucent 
face and shows true station-to-airernft 
bearing; thus, the position of the air- 
craft is at the point of intersection of 
the two beams of light. Since this 
visual indication moves exactly as does 
the aircraft, movement of the intersec- 
tion represents the ground track being 
made. Actual beams of light emanate 
from light sources located at the axes 
of the two differentia] autosyn motors 
within the Radio Fixer. 

Direction of flight is shown by the 
flux gate compass indicator needle. 
Combination of radio compasses with 
flux gate compass gives required azi- 
muth stabilization. Regardless of atti- 
tude and heading of the aircraft, even 
when turning, intersection of the light 
beams is not affected except to show 
actual over-the-ground movement. 

Since center of the compass cards 
representing the two radio stations 
tuned in are 3 in. apart, scale of miles- 
per-inch shown on the face of the in- 
strument can be determined by actually 
measuring the distance between sta- 
tions on a map and dividing by 3. 
Thus the Fixer has a completely flexi- 
ble scale, and the closer together se- 
lected stations are, the more precise is 
the fix established. 

Actual flight course to any selected 
destination may be marked on the face 
of the Fixer with a wax or fluorescent 
pencil (for night use). Even traffic 
patterns may be readily sketched. For 
aircraft flying regular courses, actual 
outline maps of desired areas or all 
airports along the route may be pre- 
pared on extra translucent faces to be 
carried in the cockpit and employed 
when needed. Obstructions, restricted 
areas, hazards, and other pertinent 
flight data, may be shown. 

A course marked on the Fixer’s face 
can be held by keeping the intersec- 
tion of the light beams moving along 
the course line. This is accomplished 
by heading the craft so as to keep the 
flux gate needle parallel to the pre- 
scribed course. Wind drifts, which 
would cause deviation of the intersec- 
tion from the course line, can be com- 
pensated by crabbing the aircraft. 
Angular difference between flux gate 




weight of entire setup would he 200 lbs. * 


needle and track line is wind drift, sary junction box, transformer, rheo- 
Ground speed can be readily calculated stat, and cables, is 200 lb. The two 
by checking elapsed time against prog- radio compasses comprise three-fourths 
ress made along the designated track, of this weight. This factor is min- 
The indicator can be readily mounted imized, however, in that most commcr- 
in the cockpit. Total weight of the cial aircraft already carry at least one, 
installation, including two radio com- and often two radio compasses, 
passes, flux gate compass, and neces- (Turn to page 103) 
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High Altitude Oxygen Boost 
For Aircraft Engines 


By FRANCIS MASI. Aeronautical Engineer. Naval Air Material Center; ERNEST F. 
F/OCK, Physicht, National Bureau of Standards and ROBERT A . GROSSELF - 
INGER, Project Engineer, De Laval Steam Turbine Co. 


System developed for Navy permits emergency power increases of 
nearly one-third at above-supercharger heights. 


D esirability of increasing power 
of military aircraft engines at 
altitude for emergency use in 
combat was recognized prior to our 
entry into the war. Hence the Bureau 
of Aeronautics instituted a series of 
investigations of chemical means for 
increasing the altitude performance of 
airplanes for short periods. Oxygen- 
bearing compounds as well as pure 
oxygen were considered, and when 
liquid oxygen was judged most promis- 
ing of all, research effort was concen- 
trated on its use. 

The preliminary phases, including 
tests on small engines, were conducted 
at the National Bureau of Standards, 
where it was soon established that the 
injection of liquid oxygen would ac- 
complish the desired result without 

trouble from detonation or fuel knock. 
Approximate practical limits of power 
boost, and means for handling and dis- 
tributing the liquid oxygen were also 
determined. 

With this background information, 
the project was transferred to the 
Naval Air Material Center in Phila- 
delphia, where facilities for full-scale 
engine testing and for actual operation 
in flight were available. Laboratory 
tests under simulated altitude condi- 
tions were conducted on Pratt & Whit- 
ney engines R-9S5-48, R-1830-64, and 
R-2800-8. These ground tests were fol- 
lowed by flight tests in a Douglas 
TBD-1 powered by the R-1830-64 en- 
gine and in a Vought F4D-1 powered 
by the R-2800-8 engine. 

During the laboratory tests, several 
engines were damaged by fires and ex- 
plosions in the induction systems. 
These were caused by unequal distri- 
bution of the oxygen to the individual 
cylinders, and were eliminated by im- 


proved mixing and more complete va- 
porization of the liquid oxygen. In the 
final installations, the liquid oxygen 
was sprayed into the carburetor duct- 
ing, ahead of the carburetor, through 
multi-orifice nozzles. 

A diagram of a typical installation 
is shown in Fig. 1. The flow of liquid 
oxygen (LOS) was controlled by 
pressure from a small tank containing 
gaseous oxygen (GOX). A pre-set 
pressure regulating valve in the gase- 
ous oxygen line, and provision for in- 
creasing the fuel flow simultaneously 
and automatically, reduced the cockpit 
control to the operation of a single 

In each of the engines on which the 
system was tried, an appreciable in- 
crease in power was obtained by in- 
jecting liquid oxygen and the fuel 


needed to combine with it. No marked 
change in specific fuel consumption 
was observed. Typical results of one 
series of laboratory tests on the 
R-2800-8 engine are shown in Fig. 2. 

The maximum permissible power 
boost was generally limited by ability 
to cool the engine. Operation with 
liquid oxygen causes higher cylinder 
temperatures because the percentage of 
inert nitrogen in the charge is lower 
than when operating with air alone. 
Injection of liquid oxygen did not in- 
crease the tendency of any engine to 
knock. Since the oxygen-rich mixtures 
burn more rapidly than air mixtures, 
the danger of backfiring is greater than 
normal. In laboratory tests with the 
R-1830-64 engine, the oxygen concen- 
tration was increased from the normal 
23.1% up to 32% before backfiring 
was apparent. The limit for flight oper- 
ation with oxygen boost was set arbi- 
trarily at 29% to provide a margin of 
safety, and although this would permit 
power increases up to 30%, cylinder 
temperatures generally attained a 
maximum permissible value before 
even this concentration limit was 
reached. 
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Internal cooling produced by water 
injection can be used to reduce cylin- 
der head temperatures under all oper- 
ating conditions, and a combination of 
water injection with liquid-oxygen in- 
jection was found to have advantages 
over either method alone. Moreover 
such internal cooling was available at 
no extra cost in installed weight, since 
water-injection equipment is a normal 
part of the high-performance military 
planes for which oxygen boosting was 
desirable. 

Such a combination of water and 
oxygen injection proved satisfactory in 
flight tests with the F41J-I (top view 
of the oxygen installation is shown in 
Fig. 3). The total installed empty 
weight of a system which could carry 
100 lb. of liquid oxygen was 79 lb. 
This quantity of oxygen provided a 
boost of 300 hp. continuously for 16 
min., and could be turned on and off 
at will by the pilot. 

The flight tests showed increases ap- 
proximately as follows: 4,000 ft. in 
the ceiling; 39 mph. in top speed at 
28,000 ft., and 400 l'pm. in the rate 
of climb between 30,000 and 33,000 ft. 
Power boost attained its full value in 
from 2 to 3 see. after the control valve 
was operated. 

These results demonstrate the prac- 
ticability of increasing engine power 
at altitude by injection of liquid oxy- 
gen. The method has the advantages 
that it can be applied readily to exist- 
ing aircraft, and that the complete 
injection system is simple to produce 
and very light. Disadvantages are in- 
herent in the problem of supply and 
in the properties of liquid oxygen 
(boiling point —297 deg. F.). In it- 
self this substance is not an explosive, 
and it is hazardous only because it will 
increase the rate of combustion in any 
existing fire. The safety with which it 
can be handled is indicated by the fact 
that 19 tons were consumed in the 
course of the present tests without 
accident. 

Even when used iu conjunction with 
water injection, the increase in cylinder 

gen precludes its use tor boosting the 
output of aircraft engines above their 
rated power. Thus the method is not- 
applicable at sea level, but only under 
altitude conditions at which the super- 
charger is no longer able to supply 
enough air to maintain engine power 
at its rated value. 
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AIR CONDITIONING 
TURBINE-PROPELLED AIRCRAFT 

PART II 

By H. J. WOOD, Engineer, AIReuotch Mlg. Co. 


Concluding an important series showing great need for close coop- 
eration between airframe, power plant and equipment designers 
in creating cabins which will make possible speeds over 500 mp 


W ITH THE DATA REQUIRED for O 
complete design problem state- 
ment described, it is obvious the 
airplane designer lias to do a lot of 
calculating before the equipment engi- 
neer can go to work. When he does so, 
he has quite a choice of systems to pro- 


pose. From the airplane designer’s 
standpoint, the equipment must, for a 
given capacity and set of design condi- 
tions, minimize the following: Weight 
(including ducting); drag; bulk (in- 
cluding ducting) ; and complication. 

These objectives often are conflict- 
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ing. In military aircraft, bulk has 
seemed to be the worst problem, and the 
other three are usually compromised to 
8t some odd space. As speeds go up 
and cooling gets more difficult to pro- 
vide, it is likely to prove necessary to 
give the refrigeration equipment a 
higher priority in assigning space. 

Notably missing from the list is the 
minimization of jet engine air bleed. 
Usually, some arbitrary bleed limit is 
set for a given engine, and this is based 
on extreme altitude and expressed in 
lb./ min. Such limitations are artificial. 
A better plan would be to express the 
bleed limit in terms of percentage of 
main compressor air flow. Any air 
cycle system, with fixed throttle and 
nozzle settings, will tend to bleed a 
constant percentage of compressor flow, 
regardless of flight conditions. 

In practice, the amount of air bled 

much too low to affect engine per- 
formance, even with axial-flow com- 
pressors. The criterion of minimiza- 
tion of total drag does include that 
drag which may be attributed to bleed- 
ing of engine air. 

The choice of a system is likely to 
depend upon: Design cabin air tem- 
perature; airplane speed (as refleeted 
in "effective” ambient temperature) ; 
compressor ratio of turbine ; and avail- 
able space. 

With all systems, as airplane speeds 
increase, turbine discharge tempera- 
tures tend to rise. As this discharge 
temperature approaches the cabin air 
value, the capacity reduces rapidly. 
Fig. 7 shows effect of water vapor on 
discharge temperature, and Fig. 8 
shows the dry air rated discharge 
temperatures of several systems as 
functions of airplane speed for an ar- 
bitrarily assumed set of conditions. The 
values shown should be used with cau- 
tion, since they will vary substantially 
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between airplanes and power plants. 
Obviously, the utility of the “simple” 
system reduces rapidly above 600 mph. 
When it is modified to make a regenera- 
tive system, any lower discharge tem- 
perature desired may be achieved by 
varying the amount re-circulated. 

Another factor that limits choice of 
systems is the matter of freezing of 
moisture in the turbine discharge. It 
is apparent that it is quite possible to 
form ice with available systems at hu- 
midities commonly encountered. Al- 
though fog will not precipitate, the 
fine ice particles that form in the tur- 
bine discharge will deposit as frost and 
clog the duct. This phenomenon has 
beeu observed in flight with a “simple” 
system. As altitude increases and ambi- 
ent temperatures drop, the dry air 
rated temperature drops, too. It is not 
certain just how low a dry air rated 
temperature may be designed for ex- 
treme conditions without resulting in 
icing troubles under less severe flight 
operations. Present experience leads to 
the conclusion that +10 deg. F. is the 
minimum usable dry air rating for 
most-severe operations. However, it is 
possible that —10 deg. F. is a prac- 
ticable value. 

Following this reasoning, Figs. 9 and 
10 plot the relative drag for several 
systems as a function of airplane de- 
sign maximum speed for an arbitrarily 
assumed set of conditions. The curves 
are based on the use of power plants of 
same characteristics in planes of dif- 
ferent maximum speeds. Should power 


plant compression ratios change greatly 
from those now in use, these curves 
are invalid. 

Fig. 9 assumes that -10 deg. F. is 
an acceptable design discharge temper- 
ature for the worst conditions encoun- 
tered, while Fig. 10 assumes that +10 
deg. F. is the minimum allowable. It 
is quite apparent, on comparison, that 
the choice of a system can be influenced 
by the freezing problem. The simple 
and regenerative systems arc favored 
as the allowable discharge temperatures 

The drag figures shown include both 
cooling and bleed air circuits. It is 
dangerous to draw too many conclu- 
sions, since installation methods have a 
large influence on drag. However, it is 
noticeable that the bootstrap system. 

necessarily have the lowest drag. 

Relative weight and bulk of the sev- 
eral systems considered are hard to 
evaluate. Our conclusion is that sys- 
tems which depend on ram and have 
relatively large ratios of cooling air 
flow to bleed air flow will suffer when 
the whole installation is considered. As 
noted, cooling equipment usually in- 
herits left-over space, to which it is 
often difficult to get ram duets of ade- 

Pursuing the matter of location, the 
simple and regenerative systems, since 
they will operate without ram, offer 
much more freedom in making installa- 
tions, and may sometimes prove to be 
the only practicable choice. 


ing in flight. If we again consider our 
box in the desert, it is seen that it could 
be quite uncomfortable if the desert 
temperature were only 100 deg. F. 
Operations at Muroc have produced 
loud complaints from flight personnel 
about cabin temperatures when warm- 
ing-up and taxiing. In the airplane* 
now flying, we find the provision of 
ground cooling by the simple system 
to be much appreciated. This circum- 
stance is a point decidedly in favor of 
that and regenerative plans. 

If any conclusions can be drawn at 
this date, they are: 

1. Simple system is preferable up to 
speeds of 600-650 mph., above which 

drag penalty is too high. 

speeds above 600-650 mph.. with boot- 
strap a close competitor. Installation 
considerations and ground cooling fa- 
vor regenerative plan. At very high 
speeds, high pressure ratio of bootstrap 
turbine introduces complications. 

3. Reduced ambient system involves 
mechanical complications and difficult 
design problems. It will probably prove 
of use for ramjets and rocket propul- 


4. Shoestring system may have merit 
if bleed air rates arc limited and speeds 
are very high. 

Military equipment design engineer- 


ing on air cycle cooling systems started 
with three projects at AiResearch in 
the summer of 1944 — on the Lockheed 
P-80, Douglas XB-43, and Convair 
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P-8], the latter an example of a sys- 
tem with a turbine-propeller combina- 
tion. 

The first cooling turbine to fly, de- 
signed by W. P. Mayer, used the fan 
merely as a power absorber, and had 
cooling air supplied by ram. In the 
summer of 1945 an improved turbine 
system (shown in Pig. 11) was deliv- 
ered for the P-SO and P-81. This type, 
which also uses the fan for pumping 
cooling air, is now being delivered in 
quantity. 

The XB-43 turbine was the first true 
simple system, since the fan pulled 
cooling air through the heat exchanger. 
Much of the design was dictated by spe- 
cial space requirements, including the 
large scroll on the fan. Contrary to out- 
side appearance, it has an axial flow 
fan. 

Fig. 12 shows three of the latest 
turbines. The smallest, having a flow 
rating of 7 lb./min. is that for the 
P-80 and P-81. The next larger, rated 
at 10 lb./min., is currently being ap- 
plied to the Republic P-84 and Convair 
B-46. The largest has the same capacity 
as that shown in Fig. 12 — 20 lb./min. 
— but is a later design. 

Today wc are dealing with rotative 
speeds up to 100,000 rpm., and we are 
achieving turbine efficiencies of 79%. 
with further improvements in efficiency 
expected. A less spectacular component 
is the cooling air fan. Because of the 
relatively large volume of coolant flow, 
very high flow factors must be built 
into very small rotors. This matter is 
readily overlooked in installations, 
where provisions for ducting the cool- 
ing air to and from the unit have some- 
times been inadequate. 

The resultant drag penalty of a 
cooling system is as much in the bands 
of the airplane designer as the equip- 
ment engineer. It is up to him to pro- 
vide ducting for the bleed air and 
cooling air circuits, and much may be 
lost in either. 

Since the temperature drop in the 
air turbine is limited by the pressure 



fighter aircraft. ' 


ratio available, and the bleed air drag 
is proportional to the amount bled, it 
behooves the airplane designer to make 
best use of this air by minimising the 
pressure losses in this circuit. Ducting 
from the turbine to the cabin is par- 
ticularly critical, since a pressure loss 
on the discharge side has more influ- 
ence than on the high-pressure side. 
Further, heat transfer into the dis- 
charge air has, by actual test, reduced 
the capacity of a system by 30% before 
the air ever reached the cabin. Since 
a differential of 150 deg. F. may exist 
between the inside and outside of the 
turbine discharge pipe, adequate insu- 
lation is difficult. The best plan is to 
keep this member short and straight. 
The sensitivity of a system to ieing also 
is determined here. 

Equally serious problems are en- 
countered in the cooling air circuit. 
Fig. 13 shows an “ideal” ducting sys- 
tem. It is well recognised that in any 

velocity at which we can return the air 
to the slipstream, the lower will be the 
drag. 


Thus, the best plan appears to be to 
take cooling air in through a ram duct 
and eject it through a nozzle. If a sys- 
tem is used with an efficient coolant 
fan, the pressure at the nozzle could be 
high enough to get some thrust recov- 
ery. Thus, even though a system will 
operate without ram on the cooling air, 
drag may be reduced if ram is pro- 
vided. 

An alternate scheme, used on the 
P-80, is to take cooling air from the 
ram duct of the jet engine and return 
it to the same member. With this plan, 
the cooling drag is very low, being lim- 
ited to a drag increase of the main ram 
duet because of flow interruption. 

Another point of caution relates to 
getting the coolest possible air into the 
cooling air cireuit. Troubles have been 
encountered with re-circulation of fan 
discharge air and heat pick up from the 

Because of the stratified nature of 
the heat load, careful consideration 
must be given to methods of introduc- 
ing air into the cabin. In early instal- 
lations, the pilot complained continu- 
ously of sweating shoulders and frost- 
bitten feet : sometimes the cockpit floor 
was blanketed with fog and snow. In- 
troduction of the cold air by diffusers 
near the pilot’s shoulders is a good 
plan, but auxiliary circulation means 
may be necessary. 

Conjecture as to the future has a 
way of becoming absurd in the course 
of a few months in this field of engi- 
neering. Certainly the course of power 
plant development will be the strongest- 
influence on air cycle refrigeration for 
aircraft, and the type of system that 
appears most favorable may change. 
Accordingly, numerical values quoted 
here should be used with caution. But 
if a valid general problem statement 
has been presented, the purpose has 
been well served. 

The author wishes to express thanks 
to Frederick H. Green, of AiReseareh, 
for help in preparing the data for this 
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Static Stability Analysis 
For Flying Boats and Seaplanes 


PART IV 


By ERNEST G. STOUT, Chief a f Naval Aircraft Rerearch. Consolidated Vultee Aircraft Carp. 


In this final article of this valuable series, Researcher Stout devel- 
ops detail procedure for float calculations. 


R eferring to characteristics of 
the exemplary Class YP flying 
boat shown in Fig. 11 and Table 
I, we will discuss calculations and pro- 
cedures necessary to design auxiliary 
floats that will meet the requirements 
of Eq. 47. It will be assumed that float 
lines as shown in Fig, 12 have been 
prepared in accordance with criteria 
established in Part III (Feb. Avia- 
tion ) on float design. It is now required 
to check these lines for displacement 
and conformity to specified require- 

Sincc float displacement is thc-pri- 

will be determined first. Inasmuch as 
a curve of float displacement versus 


float draft will be required to determine 
static heel angles, displacement will be 
determined for a sci'ies of drafts up 
to and including total submergence. 
This is done by passing waterlines 
through the float (as illustrated in 
Fig. 12), which are parallel to free 

erements of draft, measured perpen- 
dicular to free static waterline. Sub- 
merged cross-sectional area is then de- 
termined with a plnnimeter for each 
station at each draft- waterline. These 
data are tabulated in Table II and 
plotted in Fig. 13. 

Areas under draft-line curves of 
Fig. 13 arc then determined with a 
planimeter and tabulated, as shown in 


Table HI. Since 1 sq. in. in Fig. 13 
is equal to 400 sq. in. X 40 in. = 
16,000 cu. in. full scale, planimeter 
areas are multiplied by 10,000 cu. in. 
to obtain submerged float volume in 
cu. in. for each waterline. This is then 
reduced to cu. ft. by dividing by 1,728, 
and since density of sea water is 64 
lb./cu. ft., volume in cu. ft. is multi- 
plied by 04 to obtain submerged dis- 

Float draft-line displacement is then 
plotted versus float draft, as shown in 
Fig. 14. Total submerged displace- 
ment, in pounds, is obviously the area 
under draft-line 74.96 and is found to 
bo 9,550. Since Eq. 47 showed a mini- 
mum required displacement of 9,530 
lb., we find that the assumed float of 
Fig. 12 exceeds this requirement by 20 
lb., hence is satisfactory in this respect. 

Static angle of heel or roll is deter- 
mined by plotting upsetting moment 
and righting moment against heel 
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olumet. Fig. 13. Graph of 


draft-1 in 


angle. Intersection of these two curves, 
as shown in Fig. 15, is the point equi- 
librium and determines static angle of 
heel. Righting moment is the restor- 
ing or stable moment produced by the 
floats or other buoyant body, and is 
found from the following relation : 

Righting Moment = 5 X f X cos * (48) 
where 8 is the displacement of float, 
in pounds, for a given angle of heel; 
l, float arm of Eq. 41: and <£., angle of 
heel, in degrees. 

Upsetting moment is that caused by 
lateral unbalance because of C.G. be- 
ing above metaccnter. Arm for this 
moment is the metacentric arm 7t, mul- 
tiplied by sine of heel angle. Any un- 
symmetrieal loading is added directly 
as its weight times its own arm. 

Upsetting Moment = IF X h. X sin 4 (49) 
where TF is gross weight in pounds: 
h,, metacentric arm in feet; and <f>, 
angle of heel in degrees. These data 
for the example float are computed in 
the form shown in Table IV. From 
Fig. 11 (page 57, Part III, Feb. Avia. 
tion) total draft or vertical movemcnl 
of float from aero heel is float arm 
(630 in. for the example) multiplied by 
tangent of heel angle, tf>. Since the 



float is located 0 in. above the static 
free water surface at zero heel, float 
draft is total draft minus li.O in. For 


float draft as determined, the float dis- 
placement for that draft is determined 
from Fig. 14. Righting and upsetting 
moments are then computed by Eqs. 
4S and 49 and plotted as shown in Fig. 
15, where static angle of heel is noted 
to be 2.2 deg. for the assumed design. 
Since this angle is required to be not 
more than 2.5 deg., assumed design is 
found to be satisfactory in this re- 

As discussed previously under re- 
quired float displacement (Part III), 
there exists in service operation cer- 
tain off-center loading conditions. Up- 
setting moment caused by these un- 
symmetrical loading conditions will be 
checked. These off-center conditions 
are plotted as shown in Fig. 16, 
whereby static angle of heel for each 
condition is determined. For Class VP 
aircraft, BuAor Specification SR-59 
lists these conditions, as numerated 
from (a) through (f) on page 57, Feb. 
Aviation". Conditions will be checked 
for the example airplane, in the order 
listed. Excess restoring moment, rep- 
resented by third term of Eq. 41, has 
also been computed so that margin of 
restoring moment over upsetting mo- 
ment may lie observed. 

In each of the conditions calculated 
below, vertical position of the plane's 
C.G. Will change. However, since the 
C. G. is extremely flexible and varies 
during design of the craft, highest po- 
sition should lie used for all cases. 
Likewise, with each condition in which 
gross weight changes, there will also be 
a small change in waterplane area and 
thus waterplane moment of inertia. 
Making this small correction, however, 
would only serve to give a more op- 
timistic result, so in all eases this ef- 
fect is neglected. 

Excess restoring moment represented 



Table III — Float Draft-Line Displacement 
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by third term of Eq. 41, and which 
value cannot be exceeded by any off- 
center condition, is calculated for the 
example as follows; 

Excess Restoring Mom. 

= [-j-X.06^Ir]xl (50) 

= if x .06 -yw 

= 117,000 X 2.93 - 343,000 lb.-ft. 


Table V — Off-Center Condition (a) 



Thus, for condition (a) of Spec. 
SR-59, “Assume two members of crew 
(400 lb.) on one wing tip. (Simulates 
handling)”: 

Semi-wing span = 72.5 ft. 

Additional upset, mom. = 72.5 X 
400 = 29,000 lb.-ft. 

Total upsetting moment for this con- 
dition is tabulated in Tabic V and 
plotted in Fig. 16. 

Condition (b) of Spec. SR-59, “As- 
sume a full load of bombs/torpedoes 
on one wing only, together with the 
bomb/torpedo hoisting gear and two 
men (400 lb.). Normal crew aboard. 
(Simulates loading of bombs.)”: 

Worst bomb loading condition, for 
the example, is three 650-lb. depth 
charges in each wing. Since weight of 
depth charges is included in the nor- 
mal gross weight of 117,000 lb., and 
since, in this condition, only one of the 
two bomb bays are assumed to be 
loaded, gross weight is reduced hv 1,950 
lb. here. Hence, 

Depth charges (S X 650) = 1 ,950 lb. 

Hoisting gear = 30 lb. 


Two men 


2,3801b. 


— Off-Center Condition ( b ) ^ 


e VII — Off-Center Condition (c) 

Normal Upset. ' Added Upset. 






Center ot bomb bay to 
centerline =10.83 ft. 

Additional upset, mom. = 10.83 X 2,380 
= 25,800 lb.-ft. 
Total upsetting moment for this con- 
dition is tabulated in Table VI and 
plotted in Fig. 16. 


Condition (c) of the Specification 
SR-59, “Assume fuel tanks in one wing 
only, together with two men (400 lb.) Upsetting 
at the inboard, if more than one, tank 
filler opening. Normal crew aboard. 

(Simulated fueling.).”: 


Inbd. tank filler to center 
lino =9.0 ft. 

= 4001b. 

lent (men) = 9 .0 X 400^ = 


Av. fuel moment arm — 1 1 .83 ft. 
Fuel tank wgt. (one wing) = 2,248 lb. 
Fuel wgt. (one wing) =25,S001b 
Upsetting moment (fuel) =11.83 X 2; 



3,600 lb.-ft. 

Total additional upsetting 
moment — 305,000 4- 

3,600 = 308, 
600 lb.-ft. 

For same reasoning as stated in con- 
dition (b), gross weight is reduced by 
weight of one-half wing fuel (25,800 
lb.). Total upsetting moment for this 
condition is tabulated in Table VII and 
plotted in Fig. 16. 

Other conditions are solved in sim- 
ilar manner. For n specific design 
there may be other unusual conditions, 
not specified, that should be checked 
before finally accepting the float de- 
sign. It will he noted that none of the 
conditions checked in the example ex- 
ceeded the excess restoring moment 
calculated in Eq. 50, therefore, it is 
assumed that the example float will be 
satisfactory for the design assumed. 

It should be stressed that procedure 
as outlined in the preceding install- 
ments should be closely followed for 
satisfactory performance. Very little 
saving in the overall weight of a sea- 
plane can be realized by using an un- 
dersized float; yet, as previously ex- 
plained, such a float can completely 
ruin an otherwise excellent plane. 

term 'a' In* Eqs. 7 through 11 was luleniled 
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PRACTICAL ENGINEERING 

OF ROTARY WING AIRCRAFT 


By HARRIS S. CAMPBELL, Consultant to Autogiro Comp 


the 


Beginning his contribution to this comprehensive series, Engineer 
Campbell discusses basic conditions underlying rotor hub design. 


usually produce the most critical loads 
for hub parts. Assume the engine is 
operating at maximum rpm. and power. 
There will then he a readily calculated 
centrifugal force developed which must 
be combined with forces due to lift, 
damping moments, and aerodynamic 
moments. The centrifugal action, how- 
ever. usually develops one of the major 
forces. To find, then, the maximum 
probable centrifugal force, (t is neces- 
sary to determine maximum rpm. 
which may be reached during operation. 
Usually this will occur during ceiling 
operation with the rotor in autorota- 
tional condition under a maneuver. 
In some instances it is possible to in- 
duce, for a short interval, an rpm. ap- 
proaching twice the normal operating 
rpm. at sen level. Under such condi- 
tion, centrifugal force developed would 
be four times normal operating force. 

In applying the design conditions, 
an example will be employed in which 
the rotor has the general characteristics 
used in previous articles of this scries 
in connection with blade design and 


;o certain parts which require more 
than merely adequate ultimate 
strength. The structure must be suffi- 
ciently rigid to assure proper func- 
tioning and to prevent undue wear of 
moving parts which might cause subse- 
quent failure. In designing linkages 
for blade control, care should be taken 
to arrange that the movement of one 
control does not adversely affect an- 
other control. 

In view of the many different pos- 
sible hub configurations, any example 
offered here should be considered as il- 
lustrating typical design problems, and 
should not be construed as setting 
forth particular merits of any specific 
type of hub arrangement. 

The rotor hub, with its blade con- 
necting parts, is designed to withstand 
aerodynamic and dynamic forces de- 
veloped by rotor rotation during flight, 
combined with forces resulting from 
application of driving torque to the 
rotor. Hub parts must also be checked 
for other conditions, such as blade mo- 
ments which may be developed on the 
ground with the rotor stopped or ro- 
tating at slow speed. Initial applica- 
tion of torque may also be critical for 
certain parts. The moment from this 
torque condition may also be combined 
with blade moment, or blade flapping 
moment as it is more frequently called. 
Thus, there arc design conditions aris- 
ing from flight operation, also condi- 
tions stemming from ground operation 
and handling before and after flights. 

It is necessary to study the various 
conditions of flight under which the 
particular aircraft is capable of oper- 
ating, so as to determine critical de- 
sign conditions. Careful study should 
be given to conditions which may pro- 
duce fatigue in hub parts. 

For example, in a helicopter, normal 
full-power flight condition will not 


« C.G. o 


inalysis of vibration, i 
Normal lift, L = 2,100 lb. 

(i.e., gross weight of craft) 

Rotor diameter, D = 10.25 ft 
Rotor solidity, a = .06 
Normal rpm. N = 190 
Number of blades, b = 3 
Weight of one blade, in = 07.2 lb. 
Distance from center rotation t 
blade, r = 103 in. (8.59 ft.) 

Flapping hinge offset, <1, = 1.50 in. 
Drag-hinge offset, dj = 7.75 in. 

Normal hp. to rotor, P, = 191 
When location of blade C.G. is not 
accurately known, it will be satisfac- 
tory for hub design purposes to use 
r = y (.45) for blades tapered in 
plan and having a tapered spar. For 
blades having constant spar section, 
user = 2 (.48). This assumes that 
the weight of blade attaching parts, 
including the fork end, is included in 
blade weight. 

A. Flight Conditions 
All possible flight conditions of the 
particular craft should be considered, 
although in all probability only two 
or three conditions will produce criti- 
cal loadings for various hub parts. 

1. Normal Operating Condition. 
This condition does not design any 
structural members. Loads developed 
are used for selection of bearings and 
determine normal position of blade 
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coincident with the vertical reference 
axis of craft; (2) offset of the flapping 
axis of not greater than .015E, where It 
is the blade radius; and (3) C.G. of 
craft displaced not more than about 6 
deg. with respect to center of hub. 

Thrust is applied, as shown in Fig. 2, 
at an offset h from the axis of rota- 
tion. It has been determined that for 

suitable maximum value of h is given 
by the formula, h = 2 d/b, where b = 
number of blades and d = offset of 
flapping pivot from center of rotation. 

For the present example, T= (2,100) (4.0) 
(1.5) = 12,600 lb. (ultimate), d = 1.5 in., 
and 6 = 3. Then h = 2/3 (1.5) = 1.0 in. 

Thrust angle, (7=10 deg. (Use 


aft lo: 


2 deg.) 


= 22 deg. 30 min. + 1 deg. 50 min. 

= 24 deg. 20 min. 

Results given by the above simplified 
methods of finding coning and lag 
angles are quite close to those derived 
from more involved methods. For hub 
design purposes, these values are suffi- 
ciently accurate. 

2. Full Power Flight. Assume the 
craft to be flying at maximum speed 
with full torque applied to rotor, and 
a maneuver made with full control dis- 
placement. 

Limit load factor for rotor thrust loads 
= 3.0. 

Limit load factor for centrifugal loads 
= 3.0. 

Limit load factor for damper loads = 1.5. 

Safety factor of 1.5 should be used with 
the above loads.) 

Limit load faotor for torque loads = 2.0*. 

Safety factor for torque loads = 2.25. 

Centrifugal load factor of 3.0 and 
the torque safety factor of 2.25 arc 
used to give reasonable operating 
stresses. Since the limit load factor 
for torque application is low, the oper- 
ating stresses would be high if the parts 
were designed on the basis of ultimate 
stresses based on the limit load factor 
with a safety factor of 1.5. The need 
for low operating stresses will be more 
clearly evident from the discussion and 
examples in a later article dealing with 
fatigue. 

Actually these arbitrary factors do 
not result in any appreciable weight 
penalty, since this condition will be 
found to affect the design of only one 
or two points. The increased factor is 
needed at these points to provide a sat- 
isfactory design. 


3. Autorotation at Ceiling. This con- 
dition assumes a power-off glide at 
ceiling, with a maneuver load. Maxi- 
mum rpm. for this condition may be 
calculated in accordance with accepted 
rotor calculation methods, or use, con- 


Limit L.F. rotor thrust loads = 4.0. 

Limit L.F. centrifugal loads = 1.00. 

Limit L.F. for damper loads = 1.5. 

Safety factor = 1.5. 

In autorotational operation at con- 
siderable forward speed, a blade flap- 
ping occurs which, when the flapping 
pivots are offset appreciably from axis 

the lift vector or a moment about the 


Centrifugal load at / 

= (7,100 (2.0)’ (1.5) 

= 42,600 lb. (ultimate) 

= Th = (12,600) (1.0) 

= 12,600 lb.-in. 

Method B. This method is suitable 
for developing design loads on hub 
parts where the hub is inclined for- 
wardly to place the center of lift in a 
more advantageous position and when 
there is a considerable offset of the 
C.G. of the craft resulting in a further 
tilt of the hub axis due to the nose- 
down attitude for flight. 

As an example, assume the axi3 is 
set on the craft at angle I = 3 deg., 
and assume, also, that the ship has a 
flight nose-down attitude of angle g = 
3 deg. as indicated in Fig. 3. Since 
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FOR BETTER DESIGN 


Surf ate Discharge Plug Featured 

In Low Tension Ignition Research 


E xperimentation conducted at the 
Junkers Dessau plant, to eliminate 
electrical system troubles attendant with 
higher engine outputs and increased 
altitudes, reveals a novel approach to 
this problem. 

In conjunction with the Siemens and 
Beru organisations, an attempt was 
made to develop a low tension ignition 
system to overcome defects of high 
tension in aircraft engines operating 
at heights of 7V 2 mi. or more. It was 
known that the conventional engine 
using normal high tension ignition op- 
erating at about 10 kv. could be em- 
ployed up to this altitude with the 
engine under full load. At greater 
heights, trouble developed because of 
the spark jumping the insulation in 
the plug or in the high tension leads, 
especially after long operating periods, 
because of decomposition of cable in- 
sulation and higher operating tensions 
resulting from burned plugs. 

Hence, it was desired to develop an 
ignition system to eliminate the root 
of this trouble, and at the same time 
increase the useful range of the plugs 
by designing them to withstand ex 
pwtrd maximum cylinder pressures, 
without oiling up after long periods of 
idling or acrobatics. 

Surface discharge pings operating 
between 400v. and l,000v. seemed the 
best solution. Fig. 1 shows a section 
through the plug developed by Sie- 
mens. The spark no longer jumps an 
air gap as in the conventional plug, 
but “glides” along the surface of the 
ceramic insulation. Initial trouble ex- 
perienced was that after short runs, 
portions of the electrodes came away 
from the insulation. It was felt that 
this could be corrected by alterations 
in the method of manufacture. In a 
second design, the spark point of the 
plug was moved outward, so that it was 
more exposed to the mixture, resulting 
in improved combustion. Power and 
consumption were normal, and last 
tests conducted by Siemens resulted in 
a 10-hr. trouble-free run on a multi- 
cylinder engine. 

In a plug developed by Bern, the 


electrodes were constructed in the form 
of a cone projecting into the combus- 
tion chamber (Fig. 2). In single- 
cylinder tests, spark was supplied di- 
rectly to the plug and could be switched 
over to 1, 000-3, OOOv. 

Multi-cylinder engine was first fitted 
with a roller type distributor (Fig. 3), 
but this failed rapidly from burning of 
contacts, and was replaced by gap type 
distributor, which was satisfactory. 

Most test plugs were run with no 
more attention than is given to high 
tension plugs, and even under these 
conditions performance was trouble- 
free. 

It was found possible, with the Beru 
plugs, to run for 40 min. with the en- 
gine knocking without any defects de- 


veloping. Compression ratio for this 
test was 8.5 to I, and m.e.p. was 327 
lb./sq. in. A 26-hr. run was also com- 
pleted, without trouble, under varying 
load conditions. 

Idling tests could only be carried 
out on multi-cylinder engine. To make 
sure that the ignition was trouble- 
free — even with oil and rust on the 
plugs — a condenser and spark gap, op- 
erating in a glass-enclosed vacuum, 
was inserted in llic plug leads (Fig. 4). 
Main difficulty here was in determining 
relative sizes of the various elements. 
Final arrangement provided for a 
spark gap directly in front of the 
plug. By this means, ill effects of ca- 
pacity in the tension leads were 
eliminated. 


fig. 1. Sectional vie. 
of surface discharg, 
plug, by Siemens. 
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Propeller Electric 
De-Icing System 
For Wide-Range 
Operating 
Conditions 


B acked uy hundred'? ok hours of 

a new electrical propeller de-icing sys- 
tem has been devised by Hamilton 
Standard Div. of United Aircraft. 

For a hollow steel blade, de-icing is 
by current applied to special alloy 
wires cemented to inside surface of 
leading edge. For dural blade, heat- 
ing element consists of three layers of 
different rubber types mounted exter- 
nally on leading edge— middle layer of 
conductive rubber supplying heat via 
its electrical resistance; inner layer 
providing good cementing and thermal 
insulation characteristics; and outer 
layer affording smooth finish and high 
erosion-resistance. Total thickness of 
pad is about 1/10 in. 

In both installations, lientcd section 
covers approximately 75% blade 
length anti 20% of width from lead- 
ing edge. 

Power supply is controlled by timing 

loatl on electrical system. Under icing 
conditions at moderate temperatures, 
heat can be applied to each propeller 
for 20-sco. interval, then cut off for 60 

tures, double-throw switch in cockpit 
permits pilot to select another cycle 
affording 00-sec. operation and 180 
sec. off. Timer can be adjusted to meet 
varying time requirements for other 
prevailing conditions. 

Standard equipment on Martin 202s, 
the de-icing system will also be used 
on 303s, and Hamilton Standard- 
equipped Douglas DC-6s and Convair 
240s. 
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OUR TEACHERS - 

They Need The Help Of Business Now 


T HIS is an appeal to raise school teachers sal- 
aries— fast. Such appeals are commonly ad- 
dressed, rather vaguely, to the conscience of 
the community. This one is not. It js addressed 
directly to the business community, and to its hard 
core of common sense. 

As a whole, the school teachers of the nation are 
taking an economic beating. So, too, are their close 
associates and co-workers, the librarians. In pur- 
chasing power, public school teachers salaries, after 
taxes, average about 20 percent less than they did 
eight years ago. Beginning salaries of librarians, 
always low, have fallen behind an equal amount in 
purchasing power. College and university teachers 
are not much better off. The pressure is particularly 
heavy on those in the lower ranks. As a group, 
teachers and librarians are close to the bottom of the 
economic heap. 

Unless this situation is remedied promptly, it is 
confidently to be expected that: 

1. The more competent teachers will continue 
to desert our schools in droves, and our librar- 
ies will remain inadequately staffed. More than 
350,000 teachers — many of them the very 
able ones— have left the public school teaching 
staff of about 900,000 in the last six years. More 
than 100,000 of the replacements are “sub- 
standard.” They cannot meet the minimum 
educational requirements of their jobs which, 
by admission of the profession itself, are none 
too high. 

2. Those who remai n will be organized in- 
creasingly into economic pressure groups. 
Teachers strikes and the rapid growth of 
unionism among teachers at present clearly 
indicate what is in store. 

Many business men are so deeply disturbed by 
the resort to the strike weapon by some teachers to 
enforce their salary demands that their sympathy 


for the general plight of our teachers tends to be 
dulled. Such an attitude is understandable. It avails 
nothing, however, in eliminating the crisis in edu- 
cation caused largely by teachers salary troubles. 

The crisis in education is a crisis for the nation as 
a whole. The work of our schools, colleges and 
libraries is such that its deterioration means deteri- 
oration of the nation. However, the salary crisis in 
education is in special measure a crisis for the busi- 
ness community. That community has a special stake 
in having a well-educated and well-disposed constit- 
uency. 

Education and Unionism 

There may be room for disagreement as to whether 
teachers should orga n ize themselves in trade unions, 
and follow trade union tactics. However, there is no 
conceivable room for disagreement as to whether 
organization of teachers into a fighting economic 
pressure group under the lash of a teachers salary 
crisis would be a body blow to business. Among 
many teachers it would foster an abiding hostility 
to the institution of business which, occupying a key 
position in the life of the community, had not done 
its utmost to make such unionization unnecessary 
by taking a lead in relieving the teachers salary 

In our work of publishing technical periodicals 
and text books, we at McGraw-Hill meet and come 
to know many teachers and librarians. We know 
that, as a group, they have little appetite for par- 
ticipation in militant economic pressure groups. 
They are far more interested in making a militant 
assault on ignorance and prejudice through con- 
centration on their professional work. If, through 
neglect of their economic needs by the business 
community, they feel forced to resort to trade 
union organization and tactics, the teachers and 
librarians can be expected to have an abiding re- 


sentment toward the institution of business. That 
resentment will, in turn, be communicated in no 
small measure to the coming generation. Such is 
the nature of the educational process. 

The crisis in education is not, of course, exclu- 
sively a matter of salaries. Unsatisfactory working 
conditions also play a part. Many schools are dilapi- 
dated and terribly overcrowded. So are some li- 
braries. Some small-town school boards oppressively 
insist that the school teachers be the paragons of 
piety the board members wish they were them- 
selves. Protection of a proper degree of academic 
freedom is sometimes missing. The teacher is rarely 
accorded a prestige comparable to the importance of 
the job. Elements such as these aggravate the crisis 
in education. But the first and absolutely essential 
step toward surmounting the crisis is to provide 
tolerable salaries. 

Because of the enormous diversity of local con- 
ditions affecting teachers and librarians salaries, no 
general rule for emergency action would fit all 
cases. From state to state, average yearly expendi- 
tures on education in 1940 varied all the way from 
about $30 per pupil to about $150. Some states, like 
Nebraska, finance their schools almost exclusively 
from local taxes. Others, like Delaware, rely almost 
entirely on state taxes. Some states and communi- 
ties have already acted to meet the salary crisis. 
Others have not. Variations such as these limit any 
generalization. 

Guide for Emergency Action 

But as a general proposition it can be safely said 
that the minimum requirements of the emergency 
will not have been met so long as the salaries of 
class room teachers and junior members of college 
faculties and library staffs have not been in- 
creased by the amount necessary to keep them 
abreast of the increase of about 50 percent in the 
cost of living since 1939. In many cases, a temporary 
cost of living adjustment might prove the best way 
to handle the problem. 

This suggestion, let it be repeated, is not offered 
as a solution of the salary problem, but as a start. 
With their salaries increased enough to meet the 
increased cost of living, the teaching and library 
groups as a whole would still have cause to envy 
the current economic position of industrial workers. 
Since 1939, the average of weekly earnings of indus- 


trial workers after taxes, has outstripped the rise 
in the cost of living by about 21 percent. 

However, a start and an absolutely essential start 
would be made toward giving America the sort of 
educational system it must have not only to fulfill 
its ideals but holds its own in this highly competitive 
world. We worry, and I think rightly, about having 
the free world engulfed by Russian Communism. 
According to the best figures available, the U.S.S.R. 
is spending about twice as large a share of its total 
national income for education as we are. The figures 
compared include our expenditures for both public 
and private education. That comparison is really 
something to worry about. 

States Should Take Lead 

In dealing with the salary crisis it is up to the 
teachers to display a maturity and integrity worthy 
of their profession. Teachers have many employ- 
ment advantages, such as long vacations. They 
should not slur them over in making comparisons 
of their annual incomes. Also employment in teach- 
ing and libraries has been notably stable. Teachers 
and librarians should not ignore that fact in com- 
paring their position with those whose employment 
has been far less steady. 

At the same time, the great fiscal difficulties in- 
volved in solving the crisis in teachers and librarians 
sa l a r ies must not be used as an excuse for post- 
poning effective action. The states are better 
equipped financially and otherwise to take such 
action than is the federal government and, with the 
localities directly involved, should take the lead. If 
the price of effective action is a heavier tax burden 
for communities already too heavily burdened that 
price must be paid. The crisis presents a major 
emergency. To handle it as anything less is to court 
irreparable damage to the nation as a whole, and a 
special measure of damage to business as well. The 
intelligent self-interest of business requires that it 
leave not h i n g undone to meet and master the crisis 
in education. 



President McGraw-Hill Publishing Company, Inc. 



Sh own above in hovering flight is the new four- 
to six-place Model J Bendix "Whirlaway” Helicopter 
which is completing final flight tests. Two helicopters 
of this model have already been test-flown and others 
are in the advance stages of construction. Production 
for a great variety of uses will be initiated in the 

On the "Whirlaway” — as on other types of ships both 
new and old — Timken Tapered Roller Bearings are 
installed on the landing wheels and in the main 
transmission, where they operate smoothly, conserve 
power and carry the radial, thrust and combined loads 
imposed upon them under all takeoff, flight and 
landing conditions. 

The Timken Roller Bearing Aircraft Series was de- 
signed to solve aircraft, engine and propeller require- 
ments. It may offer a solution to yours. Write today 
and ask our engineers to make specific recommenda- 
tions for your bearing problems. It pays to have the 
trade-mark "TIMKEN” on every bearing you use. 



TIMKEN 

TAPERED Tam 'bearings 


THE TIMKEN ROLLER BEARING COMPANY, CANTON 6, OHIO 
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FLYING EQUIPMENT 


High-Performance Plane 
Planned by Delanne 

Unusual "double monoplane" configuration will permit high ratio 
between top speed and landing speed, states noted French designer, 
who now heads new U. S. company. 


P LAN'S ABE UNDERWAY ill the U. S. 
to construct several types ot’“ in- 
teresting aircraft ranging from a 
personal four-seater to a ten-passenger 
transport, all of which are projected 
for extraordinary performance and 
safety characteristics. First of the craft 
is to be ready for flight testing this 
August. 

Builder will be the recently organ- 
ized Delanne Aircraft Corp., of 57 
Park Avc., X. Y. C., headed by Maurice 
Delanne, with Charles De Flandrc as 
chairman of the board. Mr. Delanne, 
long connected with the French avia- 
tion industry, and well known as a de- 
signer and builder of planes and 
gliders, is now in this country and 
plans to become a naturalized citizen. 
At present the concern is seeking man- 
ufacturing facilities, with a site at 
Birmingham, Ala., being under initial 
consideration. 

Characteristic ol' these designs is 
what is termed the "double monoplane” 
configuration. In this scheme, the air- 
craft have a sharply tapered, low as- 
pect ratio wing mounted in a normal 


position atop a comparatively short 
fuselage, while to the rear, at the fuse- 
lage bottom, is set another wing having 
sharply sweptback leading edges. Re- 
sembling an oversize elevator surface, 
the latter wing carries twin fins and 
rudders at its extreme tips. There is 
some overlap of the two wings, and it 
is this feature that is claimed to give 
the craft a very low landing speed and 
to permit wide tolerances in distribu- 
tion of payloads. It's contended that 
this “interlocking” also affords up to 
35% more lift than conventional 
designs. 

The power plant, installed just be- 
hind the cabin, drives a pusher pro- 
peller at the rear of the fuselage. In 
the case of the transport, the airscrew 
would be of the six-blade contra-rotat- 
ing type. Undercarriage is given as a 
retractable tricycle, with main gear at- 
tached to rear wing, and folding 
inward. 

Construction is to vary; the four- 
placer is to have fuselage made of wood 
and plywood covered, with wooden 
spars, plywood ribs, and ply covering 


for the wings. The six-placer is 
planned to have wood fuselage frame- 
work, ply covered, with wood and metal 
spars, ply ribs and covering. The ten- 
place transport is to be entirely of 
metal fabrication. 

Specifications, in their respective 
order, are released as follows: Four- 
seater DL-250: Span 29 ft. 5 in., 
length 26 ft. 5 in., height 7 ft., wing 
area 215 sq. ft. Gross weight 3,288 lb- 
empty 1,823 lb., power loading 15.4 lb.. 
and wing loading 14.94 lb. Fitted with 
220-lip., maximum speed is predicated 
at 220 mph., cruising as 195, and land- 
ing ns 31. Service ceiling is put at 
23,000 ft., while on (17 gal. of fuel, 
range is given as 1,000 mi. 

The -six-placer DL-230 is to be di- 
mensionally similar to the small craft. 
However, it is to have two 185-hp. 
engines, and top speed is planned at 
240 mph., cruising 215, and landing 
35. Service eeiling is to be 20,400 ft., 
and range, on 139 gal., 1,040 mi. 
Gross weight is to be 4,921 lb., empty 
2,474, power loading 13.2 lb., and wing 
loading 22.34 lb. 

Bearing the designation DL-240, the 
proposed ten-place transport Is to have 
two 500-hp. engines. Top speed is cal- 
culated at 300 mph., cruising 268, and 
landing 47 mph. Service ceiling is 
placed at 24,500 ft., and range on 276 

as 9,643 lb., and empty as 4,645 lb- 
while power and wing loadings are to 
be 9.66 lb. and 29.2 lb., respectively. 
Span is planned as 36 ft. 2 in., length 

32 ft. 8 in., height 8.9 ft., and wing 
area 322.5 sq. ft. 



Model ol proposed 10-passenger Delanne DL-240 airliner shows 'ale would be 47 mph. Above: M. Delanne. photographed during 
streamlined characteristics, also unique wing configuration. Accord- visit "Aviation's" home office, refers to DL-240 model in erptoin- 

ing to designer, craft's top speed would be 3 00 mph., while landing 'mg One points ol his design. (Staff photos by £. J. Bulban) 


AVIATION, April, 1947 



North American Develops 
New Navy Trainer 

XSN2J-1, adaptable to tactical as well as advanced flight and aviga- 
tion training, designed to meet new instructional requirements. 


D esigned primarily for Navy car- 
rier training, but also for dual 
instruction in fighter tactics, dive 
bombing, instrument flying, and avi- 
gation, is North American Aviation’s 
new XSN2J-1. Now under evaluation 
by the Navy, the craft was built to 
meet the need for more advanced 
trainers and a revised pilot training 
program made necessary by develop- 
ment of new high speed fighters, bomb- 
ers. and transports. 

An unusual feature of the new craft 


is a set of controls in the rear cockpit 
which permit the instructor to “upset” 
the student's instruments. With three 
push-buttons, for example, the instruc- 
tor can “spill” the cadet's gyro instru- 
ments and fuel gage; with five others 
the instructor can throw out the front 
cockpit airspeed, altimeter, turn-and- 
bank, oil and fuel pressure gages to 
simulate emergency conditions. 

Both cockpits feature the new stand- 
ardized arrangement of instruments 
and controls recently developed by the 


Navy cooperating with AAF and RAF. 

Powered by a 1,100-hp. 9-cyl. Wright 
engine turning a three-blade Hamilton 
Standard propeller, the XSN2J-1 has 
a high speed of 270 mph. and range of 
more than 2,000 mi. Initial climb is 
over 2,000 fpm. and, with two-speed 
supercharger, plane has a service ceil- 
ing of 30,000 ft. Stalling speed is about 
75 mph. 

Span is 42 ft. 11& in., length is 33 
ft. 10 in., height is 14 ft. 7 in., and nor- 
mal gross wt. is 8,500 lb. 



Cutaway drawing by J. F. Lone shows construction leatures ol XSN2J-1 intermediate Navy 
trainer. Rockets and bombs can be fitted in oddition to machine guns, so craft can be used 
lor toctica / os well as flight training. 


Three-view drawing giving principal dimen- 
sions of North America XSN2J-1. Large one- 
piece cockpit canopy is noteworthy. 
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AVIATION’S SKETCHBOOK OF DESIGN DETAIL 




Grumman Mallard wing consists of 
center section and two outer pan- 
els, left of which is illustrated here, 
showing typical stamped ribs and 
channel stringers. Outer panel is 
attached to center section by riv- 
ets through the stringers. Span of 
complete wing, including tip caps 
which are attached by two bolts 
each, is 66 ft. 8 in., and area is 444 
sq. ft. 


Mallard interior, looking forward 
along right hand side of cabin and 
showing hull structure near cabin 
center. Panel at far right contains 
food compartment, while similar 
one on opposite side of cabin con- 
tains electric panel. 
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Use Fire and Flame Resistant 
J-M ASBESTOS TEXTILES 


The rhree forms of Johns-Manville Asbestos Tex- 
tiles shown above are helping to make aircraft safer 
in many ways. Designers use these versatile mate- 
rials as fire seals ... as heat and electrical insulations 
... in fact, wherever there is need for a textile that 
combines fire safety with strength, flexibility and 
durability. 

Producers of quality asbestos textiles for more 
than 60 years. Johns-Manville mines its own asbes- 


tos . . . cards and spins the fibres into yarns which 
are woven into cloth, tubing and tapes of many 
grades and dimensions. J-M Textiles are also avail- 
able treated with flameproof synthetic compounds. 

For help in selecting the proper type and grade 
of J-M Asbestos Textile for your design, ask for 
Brochure A V- 1 A. If you have a special prob- 
lem, our engineers will be glad to work with ■ 
you. Write J-M, Box 290, N. Y. 16, N. Y. 


Johns-Manville 


J-M PRODUCTS 

FOR THE AVIATION INDUSTRY j 

Packings and Gaskets • Friction Materials / 

Insulations • Asbestos Textiles * Translte Conduit / — 

Transite Pipe • Industrial Building Materials / 
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AVIATION’S SKETCHBOOK OF DESIGN DETAIL 



View from underside of 
Grumman Mallard wing- 
tip float, showing access 
holes in top skin and con- 
struction of bulkheads. 
When treated with Stoner- 
Mudge sealant, these 
floats can be used as aux- 
iliary fuel tanks 



North American Navion em- 
pennage cutaway. Full canti- 
lever horizontal stabilizer con- 
sists of rear spar, spanwise 
stringers, and ribs having 
formed tips which are at- 
tached with screws. Dynami- 
cally balanced interchange- 
able elevators have three full 
ribs, one short rib, front spar, 
and spanwise channels covered 
with Alclad sheet. Tips are 
removable. Fin is full canti- 
lever structure consisting of 
rear spar, ribs, stringers, Al- 
clad covering, and removable 
tip. Rudder consists of flanged 
ribs and 24ST spar, covered 
with V-formed 24ST Alclad 
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Being readied for a flight test in a B-29 at the General Electric Flight Test 
Laboratory is a developmental sample of a new flight recorder. Using no ink, 
requiring little space, this equipment produces an easily read, long-scale record 
of every variation in altitude and also a record of vertical acceleration of an 
airplane. Recorders will soon be available to all airlines for commercial flights, 
and to aircraft companies for experimental work. 


The recorder is normally installed in the tail of the airplane and is connected 
electrically with standard aircraft instruments located on the flight deck or 
elsewhere in the airplane. Records are easily removed for analysis by an Air- 
line’s Operations Department in checking how closely a flight plan is followed. 
A variation of 20 feet in altitude can be clearly read. It is, therefore, useful in 
accident analysis. To record additional information, a four-element recorder is 
being developed, and will be even more useful in maintaining safety records 
under the increased traffic densities of the future. 


Again, General Electric is meeting the needs of the airlines, and will con- 
tinue to do so. Our engineers will be glad to discuss your requirements at any 
time. Apparatus Dept., General Electric Company, Schenectady 5, N. Y. 


GENERAL ff ELECTRIC 
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AVIATION'S SKETCHBOOK OF DESIGN DETAIL 



J 


Cutaway view (above) shows general construction features of Meyers MAC 125-C, other 
details of which were presented on page 92, June 1946 AVIATION. Sketch at lower left 
shows cockpit interior, and cutaway at lower right shows arrangement of baggage 
compartment. 
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MAINTENANCE 


Designed-In Maintenance Ease 
Keynoted in Douglas AD-I 

By W. L. WHITTIER, Chief, Service Section Engineering, Douglas Aircraft Co. 


Maximum maintenance in minimum time is no chance result in new 
carrier plane, the Skyraider . . . Here's how program of persistent 
design simplification gave top servicing facilities — a vital considera- 
tion for all craft types. 


M ajor factor in the operation of 
military aircraft is simplified 
and swift maintenance. This 
was proved during World War II. It 
was found that, no matter how well an 
airplane performed in the air, main- 
taining it in a flying status determined 
its usefulness as a combat aircraft. 

Demands from combat fronts 
stressed reduction of maintenance time 
to a minimum. This required continual 
redesigning, with maintenance im- 
provements incorporated into specifi- 
cations for all new experimental craft. 

The new Donglas AD-1 Skyraider, 
now in production for the U. S. Navy, 
was designed to meet the exacting re- 


quirements of a carrier-type combat 
attack-, torpedo-, and dive-bomber. In 
the basic design of this plane, ease of 
maintenance was one of the primary 
factors. Upon completion of the proto- 
type craft, additional design refine- 
ments and simplifications were in- 
cluded to reduce operational mainte- 

Preliminary design of the Skyraider 
was begun toward the end of the war, 
whereas its predecessor, the experi- 
mental BTD-1, had its beginnings in 
June ’41 — when little actual combat ex- 
perience was available. Hence, these 
two planes will be used as a basis for 
comparison to illustrate, need for fun- 


damental design simplicity as a “must” 
requirement for a high-operational, 
low-maintenance craft. 

The Skyraider and the BTD-1 were 
designed primarily for carrier opera- 
tion. Maintenance requirements for 
this type aircraft' are considered by 
BuAer to be of vital importance. The 
aircraft carrier, regardless of size, has 
space limitations, hence it is manda- 
tory from both operational and eco- 
nomical standpoints that flight and 
hangar decks be utilized to fullest' ex- 
tent. It is essential that all aircraft 
on the carrier be maintained in a flight 
status at all times. Those that are not 
ready for flight are a liability, and in 
wartime may be pushed over the side 
to make room for operations. 

Basic factors for a high-operational, 
low-maintenance craft must be incor- 
porated during the preliminary design 
stage, and this consideration must be 
carried through all subsequent detail 
design steps. If the preliminary de- 
sign is fundamentally simple, so that 
the basic components of the aircraft 
provide accessibility, the plane will be 
simple to maintain. Accordingly, the 
detail design of components must be 
carefully scrutinized for simplicity, ac- 
cessibility, and replaeeability. Further 
discussions on fundamental sim- 
plicity — first in preliminary, then in 
detail design — will be enlarged upon in 
the following paragraphs. 

Preliminary Design Factors 

llesponsibility of the preliminary 
designer in the basic layout of the air- 
craft is to insure that all major com- 
ponents are basically simple and ac- 
cessible, and that all related equipment 
is centralized. The mechanic who has 
pored over system diagrams and flow 
charts trying to determine why a pilot’s 
“squawk sheet” showed an extra ten 
minutes in the air while trying to shake 
down a reluctant landing gear, will 
verify this. 

If Preliminary Design requires that 
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Simplified Skyraider fuel system — capacity 815 gal. — consists of 
main (internal) tank and three droppable (external) tanks. System 
refinement is emphasised by comparison with fuel system of prede- 


BTD-1 luel system — with 135 gal. less capacity than AD-1 Shy- 
raider — has lour main tanks and two droppable tanks (all internal). 
Also, system required more lines and greater number o I selector 
valve positions. All these lectors meon more maintenance. 


the retracted gear be covered by doors 
faired into the craft’s surface, some 
arrangement must be made to operate 
doors and gear in proper succession, 
so that the gear will not be held up 
by a door that fails to open, or forced 
up by a door that closes too soon. Con- 
trol over successive operations can be 
exercised by hydraulic sequence valves, 
as in the BTD-1, which contained eight 
such valves — three for landing gear 
and doors, four in the wing-folding 
mechanism, and one to control the bomb 
by doors and displacing gear. 

Even under optimum conditions, ad- 
justment of such valves is neither a 
brief nor simple procedure, and malad- 
justment inevitably and often danger- 
ously impairs operation of related 
units. By simplifying design in the 
Skyraider, Ihc number of sequence 
valves has been reduced to lien, located 
in the wing-folding system controlling 
the aetion of wing-locking pins. Sim- 
plification was accomplished by link- 
ing landing gear fairings mechanically 
to the gear, by carrying bombs exter- 
nally, and by using only one operating 
cylinder al each wing joint. 

Reduction in number of sequence 
valves is, of course, only one example 
of effect of design simplification on 
cutting hvdraulic maintenance. En- 
large the picture to include hundreds 
of feet of pipe connecting the units in 
the BTD-1 design, and which, of neces- 
sity, were rather widely dispersed and 
difficult of neocss. Contrast this with 
the Skyraider — -where all control valves 
are mounted in one compartment be- 
neath the cockpit, piping follows com- 
mon and readily accessible paths 
through the strnclure, and operating 
cylinders can be inspected and serviced 


Another example is the comparison 
of the fuel systems of these croft. The 
AD-I has one internal tank and three 
external droppable tanks as against 
four internal tanks and two internal 
droppable fuel tanks of the BTD-1 
(two located in fuselage, one in each 
wing, and two in bomb bay). The Sky- 
raider can carry 815 gal. of fuel as 
compared to 6S0 gal. carried by the 
BTD-1. This simplicity — in addition 
to affording increased fuel capacity — 
reduced maintenance time of the fuel 
system to a minimum. By this fuel tank 
arrangement, lines arc reduced to a 
minimum and selector valve positions 
are minimized. 

The design of the AD-1 was further 
simplified by including a control rod 
installation in lieu of cable controls — 
materially dec res sing maintenance time 
as a result of elimination of rigging. 
Also, the AD-1 fuel booster pump is 
readily accessible for adjustment or 
quick removal, while adjacent struc- 
ture and close proximity of unrelated 
parts made the BTD-1 pump consid- 
erably more difficult to service. 

Service personnel responsible for 
Ike operation of various types of air- 
craft always classify them as having 
either good or poor maintenance char- 
acteristics. Fact that a particular type 
craft has low maintenance is not a 
chance occurrence, Imt the result of 
efficient preliminary (and detail) 

Detail Design Factors 

Detail design is concerned with indi- 
vidual components and subassemblies 
which physically go together to make 
up a complete aircraft. Today, this 
phase of design is very difficult to con- 
trol because of the large number of 


creative specialists, each contributing 
to the detail design of the craft. Cus- 
tomarily, detailed design work is first 
broken down into two sections — struc- 
tural and “mechanical.’’ Structural sec- 
tion includes fuselage, wing and em- 
pennage, controls and air conditioning 
groups ; the mechanical section is com- 
posed of power plant, hydraulics and 
landing gear, electrical, and armament 
groups. Basic plans of the preliminary 
designers pass through engineering sec- 
tion chiefs of the structural and 
mechanical sections to the group en- 
gineers who coordinate the design in 
their respective groups. Responsibility 
of each group engineer is to insure 
that the design under his jurisdiction 
is coordinated there, and in turn, with 
the designs of the other structural and 
mechanical groups. This is a grave 
responsibility. Maintaining complete 
coordination of the creative thoughts 
of a large number of people is a diffi- 
cult task and requires persevering posi- 
tive direction. 

An equally important phase and a 
direct result of such coordination is to 
insure easy removal of various aircraft 
components — control surfaces, flaps, 
engine, hydraulic units, electrical 
equipment, and other installations. 
Along with this, it is mandatory that 
the special tools, points of adjustment 
and working locations for lubrication, 
are held to a minimum. Only 13 spe- 
cial tools arc required to maintain the 
Skyraider, compared In 35 for the 
BTD-1. 

Low Maintenance Requirements 

Requirements for low maintenance 
may be summed up as simplicity of in- 
dividual components, accessibility, and 
replaeeability. These factors are ex- 
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trcmely difficult to control because of 
the thousands of types of parts em- 
ployed — parts which must be coordi- 
nated between the various design 
groups so that when a component has 
been installed, other components are 

ference. Thus, if a flap torque tube 
has been located in the wing structure, 
extreme care must be taken to assure 
that no subsequent installation — such 
as a water tank — is so located as to 
prohibit torque tube removal. 

Accompanying table shows removal 
times for Skyraider components and 
those of its predecessor, the BTD-1, 
under existing Navy specifications. Ex- 
ceptionally short removal periods for 
components of the AD-1 are the direct 
result, initially of preliminary design, 
but primarily of positive detail design 
control. 

Technical Data 
And Service Information 

During demonstration and sendee 
testing program, a careful system of 
investigating troubles must be main- 
tained. Regardless of degree of care 
expended during design and manufac- 
ture of the plane, problems are bound 
to occur in this initial operational 
period, and details should be relayed 
to the designers for comment as soon 
as possible. If the problems can be 
solved by furnishing additional or more 
specific information regarding servic- 
ing or adjustment, the erection, and 
maintenance and service manuals must 
be revised to include the necessary in- 
formation. If the problem is one re- 
quiring design revisions, changes must 
be made at once to preclude occurrence 
on subsequent airplanes. 

Thus, solution of maintenance prob- 
lems upon the present AD-1 Skyraider 
has reduced maintenance time by ap- 
proximately 50% over the previous 
model, representing a substantial sav- 
ings in manhours, and allowing, in 
turn, a corresponding increase of com- 
bat hours. 
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Just what the 

DOCTOR ORDERED. 


• • • for All Assemblies! 

FORM-A-GASKET No. 1 (a paste) sets fast . . . but not too fast for use on large 
surfaces. It dries hard, but does not become brittle. It's a swell product for 
making pressure-tight, leak-proof unions . . . even if surfaces are warped. 
FORM-A-GASKET No. 2 (a paste) sets slower than No. 1. It dries to a tough, 
pliable layer with plenty of "cushion". It resists high pressures, continual 
vibrations and disassembles very easily. 

AVIATION FORM-A-GASKET No. 3 (a brushable, self-leveling liquid) sets into 
position and dries to a tacky paste. It will not run, even when heated to 
400° F. nor become hard or brittle at temperatures down to 70° F. below! 
ALL TYPES OF FORM-A-GASKET PRESERVE ALL TYPES OF GASKETS! 


PERMATEX COMPANY, INC., BROOKLYN 29, N. Y. 
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AVIATION’S 


MAINTENANCE NOTEBOOK 


Brake Disk Maintenance Time 
Cut by Simple Sanding Aid 

• Effecting appreciable savings in 
hydraulic shop operation, James 
“Pop'’ Moore of PAA’s La Guardia 
Field base devised this simple ar- 
rangement to efficiently clean and 
polish brake disks. Constructed 
from parts of obsolete shop equip- 
ment, supporting table brings disk 
into contact with electrically oper- 
ated emery-paper wheel via pres- 
sure on foot pedal. With approxi- 
mately 60 disks sanded daily, in- 
stallation is estimated as saving 
1,800 hr. per year. 




Novel Pull-Through Bar Facilitates Prop-Turning 

• This propeller pull-through bar was devised by Joseph 
Savicky, of PAA’s Atlantic Div. short service activity, to 
obviate necessity for mechanics to jump in order to reach 
outboard engine blades on line’s Lockheed Constellations. 


In cold weather, this old practice sometimes required two 
men, hanging on the blade, to bring it within reach from 
ground. Brackets of pull-through bar are arranged to fit 
over prop blade's leading and trailing edges. 
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UNITED STATES STEEL 


“ \ rugged, dependable piane 
that’s equal to any task you 
put it to,” that’s what the makers sav 
about the new Aeronea “Champion”. 
And they have sound reasons for 
their claim. 

For, although this personal plane is 
a new postwar model Aeronea and 
was introduced only last September, 
its structural framework of Shelby 
Seamless Aircraft Tubing is the same 
construction that mide the Army s 
Aeronea “Grasshoppers” outstand- 
ing for sturdiness. 

It is because Shelby Seamless 
Tubing keeps weight to the very 


in rugged ness and shock-absorbing 
qualities that Shelby has found such 
favor with aircraft designers. With 
no other type of construction can you 
build aircraft so strong, so light in 
weight and so durable, as is possible 
by using seamless steel tubing. 

’ Whether you are building personal 
planes, helicopters, fighters, flying 
freighters, passenger transports or 
airships, Shelby Seamless Tubing- 
in longerons, fuselage struts, wing 
spars, tail assembly, engine mounts 
and landing gear— will help achieve 
the utmost in structural efficiency. 


Its uniformity and dimensional 
accuracy, its ability to bend and 
shape to almost any form desired, its 
easy welding properties that permit 
complicated joints and junctions 
with 100“;, efficiency, enable you to 
take full advantage of the latest im- 
provements in plane design and fab- 
rication techniques. Our engineers 
will gladly cooperate with you in 
applying U-S-S Shelby Tubing most 


NATIONAL TUBE COMPANY 


YOU CANT SELL “SECONDS” 
TO THE AIRCRAFT INDUSTRY 


We’ve been making Tru-Lay Cable and Tru-Loc Terminals 
ever since the aircraft industry began. So we’ve known 
for a long time that only One Standard of Quality is 
acceptable for aircraft. Cable, fittings and assemblies 
must be the best possible to make.. That’s the only 
way we know how to make them. 



DETROIT, MICHIGAN — TRU-LAY 
Aircraft Cable must have strength 
and fatigue resistance far beyond 
the work it will have to do. Tru- 
Loc Swaged Terminals must hold 
beyond the breaking strength of 
the cable. Factory inspection of 
cables, terminals and assemblies 
must prove that they ^Meas^neet 
the rigid specifications set up by 
Army, Navy and CAA. 

Tru-Lay Aircraft Cable is made 
in full range of sizes and construc- 
tions. Tru-Loc Swaged Terminals 
are made in every needed size and 
type. 

For complete information about 
Tru-Lay Aircraft Cable or Tru- 
’ ,jwnbe 


Loc Terminals, 
office. 


rite our Detroit 


/fik/pWl 


6-235 General Molars Building, Detroit 2 • 695 Bryont Street, San Francisco 7 • Bridgeport, Conn. 


AUTOMOTIVE AND AIRCRAFT DIVISION 

AMERICAN CHAIN & CABLE 


Jy In Business for Your Safety 
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ELECTRONICS 


How's and Why's 
Of Aircraft Electronic Tubes 


By FRANK ROCKETT, Electronic, Editor, "Aviation" 

Development of dependable airborne vacuum tubes promises new 
communication and avigation reliability, simplifies servicing, and 
makes lighter and more compact equipment possible ■ . . This 
lucid article gives industry executives and engineers a practical 
working acquaintance with fundamental principles, operation, and 
maintenance of these key electronic units. 


U ninterrupted scheduled flight 
service depends to a great meas- 
ure on electronics — with radio 
communication, radio landing beacons, 
electronic range and direction indi- 
cators, radio altimeters, electronic auto- 
pilots, and a score o£ other electronic 
devices playing roles promoting the 
regularity and safety of modern air 
transport. That the aviation industry 


will make still wider use of electronic 
techniques is inevitable. Additional 
weight of electronic units carried in the 
craft is more thau compensated by the 
improved performance and reliability 
made possible by such equipment. 

No mystery need shroud the elec- 
tronic tube. With its increasing use 

through engineer to maintenance man 


should know just what an electronic 
tube is and does. To appreciate what 
is being done to make tubes more de- 
pendable, and to be sufficiently con- 
versant with electronics to grasp the 
significance of developments in that 
technique, it is important to know how 
tubes work, what they can and cannot 
do, and how they must be treated to 
get best performance. So here, in 
straightforward language divested of 
abstract physical and mathematical 
concepts, is the story of the modern 
vacuum tube: 

Heart of all electronic equipment 
is, of course, the vacuum tube, which 
controls electric currents so that they, 
in turn, can perform the required func- 
tion, such as carrying messages, indi- 
cating altitude, or controlling rudder 
and elevator (laps. To make it possible 
for the tube to conduct electric current, 
it has within its evacuated metal or 
glass shell a negative electrode, the 
cathode (from the Greek kathodos, 
compounded from kata and hodos, 
meaning “down way”) and a positive 
electrode, the anode (from the Greek 
ana and hodos, meaning "up way”) 
as shown at (A) in Fig. 1. 

The tube depends for its operation 
on the phenomenon of thermionic 
emission — that is, on emission of elec- 
trons from a hot metal. Thermionic 
emission has been studied in great de- 
tail. Some metals have been found to 
be better emitters than others. Best 
thermionic emitters are oxides of such 
alkaline elements as barium and stron- 
tium. But these oxides are struc- 
turally weak, so they are coated on a 
metallic support. However, the pres- 
ence of the metallic support under the 
thin oxide coating affects its electronic 
emitting characteristics, as do minute 
quantities of impurities, and also the 
conditions under which the oxide is 
applied to the support and how it is 
seasoned. Therefore, for all tubes to 
have the same cathode emission charac- 
teristics, processing of material and 
assembly of the cathode must be rigidly 
controlled. 

Early vacuum tubes were expensive. 
Efforts were made to produce tubes on 
automatic machinery in sufficient quan- 
tity to bring the price within accepta- 



bly characteristic of any type receiving tube is directly indicated on this universal tube-test 
set employed by General Electric electronics department. Tubes tor use on aircraft undergo 
rigid inspection. 
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lilt- limits. Under such quantity pro- 
duction techniques, variations of char- 
acteristics between individual tubes of 
a given type were ns much as 100% — 
ranging all the way from rejects to 
tubes giving better than design per- 
formance. During the life of tubes 
■ heir characteristics would change radi- 
cally. Since the characteristics of a 
tube are primarily determined by emis- 
sion properties of its cathode, major 
attention is being centered on it. 

Characteristics of a tube lot from n 
production line follow a probability 
distribution curve. To be sure that- by 
far the greatest number of tubes will 
fall within customer limits, manufac- 
turing plans will call for close toler- 
ances from the design values. In- 
addition, by using more than usual 
care in preparation of the cathode sur- 
face to assure stable operating charac- 
teristics during life of the tubes, Gen- 
eral Electric engineers are sure that 
characteristics of the tubes will not vary 
loo greatly. Moreover, the charac- 
teristics will not drift outside the spec- 
ified maximum and minimum limits 
during warranted life of the tube. Al- 
though such tubes will cost more than 
others, the circuit design engineer is 
assured that they will continue to meet 
the high standards during their life 
and that when they are replaced the 
new ones will have practically the 
same characteristics as the old ones. 
Accordingly, the engineer can design 
his circuit to narrower tolerances and 
thus to greater efficiencies. Fewer of 
these premium tubes will be required to 
perform a given function than less 
stable types, and they will perform 
with greater reliability. 

Power Requirements 

For the cathode to emit a useful flow 
of electrons, it must be quite hot, 750 
deg. C. being the approximate tem- 
perature at which oxide-coated cathodes 
operate. In some tubes, the required 
heat is attained by passing an auxiliary 
heating current directly through the 
cathode. Such tubes are called fila- 
mentary tubes. In other tubes the 


cathode is indirectly heated by a sep- 
arate wire, similar to the heating coil 
in an electric toaster. These two types 
of cathodes are illustrated at (B) in 
Fig. 1. In either case, current for heat- 
ing the cathode is a necessary evil of 
the vacuum tube. Every effort is made 
to keep this auxiliary heating current 
to a minimum. 

To supply electrons to the hot 
cathode for it to emit, the cathode is 
connected to the negative terminal of 
the power supply. Emitted electrons, 
to be useful, must flow in a completed 
electrical circuit, so they are collected 
at the anode and returned to the elec- 
trical circuit. Being negatively charged 
particles, electrons can lie attracted to 
the anode if it is positive (opposite 
charges attract), so the anode is con- 
nected to the positive terminal of the 
power supply through the load, thus 
completing the circuit as shown at (C) 
of Fig. 1. 

As the cathode is heated, it emits 
more and more electrons. The anode 
at first attracts all electrons that the 
cathode emits. Operation of the tube 
mnlcr such conditions is called “emis- 


sion (or temperature) limited,’’ be- 
cause the current of electrons through 
the tube is limited by emission of the 
cathode. If the cathode is made hot 
enough, it emits more electrons than 
the plate can attract. Some emitted 
electrons collect in a swarm in the 
space between cathode and anode. Op- 
eration of the tube under these condi- 
tions is called “space charge limited,” 
because the swarm of negatively 
charged electrons, just outside the 
cathode, limits the rate at which the 
cathode can emit more negatively 
charged electrons into that swarm (like 
charges repel). However, under these 
conditions, if the positive voltage ap- 
plied to the anode were increased so 
that it could attract more electrons, the 
current through the tube would in- 
crease, since the higher positive voltage 
of the plate would attract more elec- 
trons from the space charge, reducing 
it so that more electrons could escape- 
from the hot cathode. These charac- 
teristics are shown at (D) in Fig. 1. 

In electronic circuits, the variations 
in plate current are most useful. To be 
able to vary tube current, it is neces- 



F 't' \ W i' h ‘" * r,an 9 ular wit-voltage area marked by dotted lien, premium tube 
characteristics won t vary more than 20% ol initial value, provided tube is operoled under 
normal service conditions. Also, tube's characteristics remain within maximum-minimum limits 
during its warranted lile. 
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ope of Industry 


And machines can be run at the 
highest speeds — for longer periods — 
with less trouble— if they are equipped 
with ball bearings. 

New Departure ball bearings oper- 
ate with less friction — and less heat — 
than any other type of bearing. They 
permit higher speeds. They are pre- 
cision-made of tough, forged steel to 
give longer life. 

Write for your copy of the book- 
let, "Why Anti-Friction Bearings." 


Looking into the futu 
the imperative need 


NEW DEPARTURE • DIVISION OF GENERAL MOTORS — BRISTOL, CONN. • Branches in DETROIT • CHICAGO • Other principal 


But only by greater production a 
increased efficiency can costs a 
prices be brought low enough 
achieve volume sales — and full e 
ployment. 

With machines that can be run 
higher speeds, more can be produc 
with the same amount of equipmt 


nothing rolls like a ball 


NEW DEPARTURE 

forged steel 
BALL BEARINGS 


• Higher speeds 

• Greater accuracy 


VITAL ADVANTAGES 

• Simplified design • Lower maintenance costs 

• Every kind of load • Less friction — less wear 
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sary that the tube operate with space 
charge limitation rather than tempera- 
ture limitation. Thus it is necessary 
for the cathode to be quite hot. Fur- 
thermore, the tube is evacuated so that 
electrons, in traveling from cathode to 
anode, will have a free path unob- 
structed by gas molecules. However, 
there are always a few gas molecules 
left in even the best-made tube. These 
molecules become positively ionized 
(electrically charged) by collision with 
electrons. Natural attraction between 
opposite charges results in positively 
ionized gas molecules being attracted 
to the negatively charged cathode. If 
these ions strike the cathode they dam- 
age its emission characteristic. But for 
space charge operation there is a buffer 
cloud of electrons near the cathode that 
prevents such destructive ionic bom- 
bardment. 

If, however, the plate voltage is 
made so high or the temperature of the 
cathode falls so low that the space 
charge is radically reduced, there will 
no longer- be this buffer aetion, thus 
the cathode will be damaged. For sta- 
ble emission characteristics, it is there- 
fore essential that the cathode always 
be hot enough to maintain a space 
charge, and that the plate voltage never 
become so great as to completely re- 
move the space charge. 

In premium tubes under develop- 
ment at G.E.’s tube plant, the heater 
for the indirectly heated cathode is 
rated, to take an illustrative typical 
value, at 6.3v., with a voltage tolerance 
of =fc 10%. If the heater is operated 
at 6.3v., the tube characteristics will lie 
within the specified limits. A varying 
voltage which is still within the 10% 
limits will not permanently damage the 
cathode, but it may cause shift of the 
operating characteristics temporarily 
outside the warranted limits. likewise, 
plate (anode) voltage should never ex- 
ceed maximum rated value, nor should 
specified limits be exceeded by power 
dissipated within the tube in the flow 
of electrons from cathode to plate. 

In designing the cathode heater for 
maximum efficiency, so as to obtain 
the optimum temperature with low 
auxiliary power, the heater is operated 
at its peak capacity. In aircraft, power 
for tubes is obtained from electrical 
generators connected to the plane’s en- 
gines. When the engines are revved 
up, generator output rises, thus over- 
heating cathodes in the tubes. The tube 
manufacturer designs tubes to with- 
stand some variation in heater voltage, 
but the greater the necessary tolerance, 
the lower the efficiency of the heater. 

If, for example, the power supply on 
the aircraft varies from 9v. when the 
plane is on battery to 15v. during take- 
off (typical values), cathodes will be 



Fig. 3. Circular fiat-press base an miniature 
connection to tube electrodes. 


operated temperature-limited at the 
lower voltage, and the oxide coating 
may be evaporated off the cathode onto 
the grid during higher voltage opera- 
tion. Regulation of the aircraft gener- 
ator output voltage (within 10% of 
the normal voltage), to accommodate 
both changes in generator speed and 
changes in current load, is essential if 
long, trouble-free life and the premium 
stability is to be realized in operation 
of the vacuum tubes. 

Circuit Utility 

To control current through the tube 
in the most effective manner, a grid 
is introduced between cathode and 
anode, as shown at (E) in Fig. 1. 
The grid consists of a mesh of fine 
wires with spaces through which elec- 
trons pass. If the grid is charged 
negatively, it repels electrons coming 
toward it from the cathode, and thus 


decreases tube current. If the grid is 
charged positively, it attracts electrons 
from the cathode, thereby increasing 
the current passed by the tube. (The 
grid unit presents mostly open spaces 
between fine wires, thus only a few 
electrons are intercepted, and most of 
these pass on to the plate.) 

Principle of operation of electronic 
circuits is that a variable charge is 
applied to the grid to control the cur- 
rent through the tube. If negligible 
current is drawn from the grid cir- 
cuit, very weak powers can be used 
to control the grid and, in turn, the 
large currents flowing in the plate 
circuit. This is the most desirable 
condition. To obtain it, the grid must 
never be charged so positively that it 
draws many electrons to itself. On the 
other hand, there is no further change 
in plate current after the grid has been 
made so negative that it has com- 
pletely stopped the flow of electrons to 
the plate. These limits determine the 
maximum variations that any one tube 
can be called upon to handle. 

To obtain great powers, the larger 
tubes or a number of tubes must be 

Problem for tube designers, as well 
as users, is to keep grid from drawing 
unwanted current. Leakage across in- 

mized. If there are positive ions in 
the tube, they will be attracted to the 
negative grid, giving rise to grid cur- 
rent. Furthermore, if the grid becomes 
hot it will emit electrons just as does 
the cathode (although with less effi- 
ciency because it is not coated with an 
oxide), thus producing grid current. 

One condition under which the grid 
becomes hot enough to emit- electrons 
is when rated voltage to the cathode 
beater is exceeded. When the grid 

draws current, performance of the cir- 
cuits of which it is a part is degraded. 
In electronic circuits, grid emission is 
a fault that is difficult to detect by 
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routine servicing, especially since it 
may only be present under heater 
overvoltage. Usually voltage at the 
test bench is normal, so the trouble 
appears only intermittently under 
flight conditions. Equipment that the 
(light crew reports as faulty, yet which 
cheeks satisfactorily in the shop, is 
best examined in the plane under Hy- 
ing conditions to discover if there are 
excessive power voltages. 

Additional grids are added between 
cathode and anode to further modify 
the tube to meet special needs. In all 
tubes, however, it is plate current that 
constitutes useful output. Plate cur- 
rent is fed to loudspeakers, indicating 
instruments, or to motors that- position 
the control surfaces of the plane. There- 
fore it is important that relation- 
ship between plate current and plate 
and grid voltages changes as little as 
possible during the life of the tube 
and also varies as little as possible 
from tube to tube. Fig. 2 shows the 
limits of these variations in a typical 
high-gain triode type of premium tube. 

Mechanical Construction 

To be sure that these premium tubes 
will retain their electrical characteris- 
tics under all conditions, ruggedness is 
now being made a feature of their con- 
struction; for, when used in aircraft, 
they must withstand various mechani- 
cal strains tile same as the airframe. 
And just as an airframe is designed to 

shape, so a vacuum tube is fashioned 
internally to obtain the most efficient 
flow of electrons. With cathode, heater 
element, anode, and several grids 
mounted close together inside the tulle, 
there is little space for heavy supports. 
Parts must be strong and rigid. Vihra- 



Fig. 5. Tube designs and materials are tested 
tor vibration fatigue. 


anode current. To obtain structurally 

cular flat-press type of base shown ill 
Fig. 3 is used. This form of base per- 
mits the running of short, straight 
leads to the tube elements, which is 
desirable both mechanically and elec- 

Unfortnnately, it isn’t feasible to 
design the tube to flex under shock 
and thus absorb some of the strain, 
because any motion of the electrodes 
will change the plate current. The tube 
has to be rigid — it has to “stay put’’ 
and it has to “take’’ nny vibration. 

In developing tubes for aircraft, 
strength and stability of the tube un- 
der impact- is studied. The tube is 
solidly mounted oil a platform that is 
then shocked at instantaneous peak ac- 
celerations up to bflfl Gs, as shown in 
Fig. -1 Tubes are successively oriented 
on the platform so that the accelera- 
tions are along each of the three mu- 
tually perpendicnlar dimensions of 
the tube structure. These rnggeili/ed 
tubes are designed to withstand ten 
blows in each direction, with the heater 
operated within its rated supply volt- 
age limits, without short circuits ap- 
pearing from cathode to control grid 
or from cathode to heater — the two 
paths over which a short is most likely 
to develop. The tube then must return 
to within its specified limits of operat- 
ing characteristics after the shock. 

Although much attention has been 
attracted by the ability of tubes to 
withstand exceedingly high accelera- 
tions, when incorporated in proximity 

more significant that these lubes have 
been built to withstand constant vibra- 
tions caused by yaw of the missiles. 
Even so, proximity fuze tubes were 
only expected to operate for a few 
minutes at the most. Tubes for air- 
craft must likewise withstand vibra- 
tion — and have long life in addition. 

Vibrations contribute to fatigue fail- 
ure. Even though the tube may be 
stable enough not- to lie microphonic, it 
nevertheless will vibrate. To have long 
life, vibration fatigue must be elim- 
inated. To test a tube's fatigue resist- 
ance, it is vibrated (as shown in Fig. 5) 
at frequencies up to 5(1 cycles per 
second and with amplitudes that pro- 
duce maximum accelerations of 111 Gs 
for 100 hr. The mica supports that 
hold the several grids in the proper 
places within the tube tend to powder 
i mler sustained vibration. Also, the 
spotwelds with which the parts inside 
the tube arc connected are apt to break 
under vibration fatigue. Tube design- 
ami materials that survive such treat- 
ment arc ideally suited to requirements 
of airborne electronic equipment. 

Despite the employment of shock 



at mechanical tests . Evidences o I fatigue 

mounts in supporting the electronic 
equipment, tubes are subjected to con- 
stant vibration. In fact, many shock 
mounts have permitted electronic 
equipment to “float” so readily that, 
although impacts are attenuated in 
transmission from the frame, the equip- 
ment is nevertheless set into vibration- 
One simple and effective shock mount 
is a spiral compression spring damped 
by having a cylinder of sponge rubber 
forced through its center. The strength 
of the spring should be such that it 
will be compressed to about half its 
maximum coniprcssional length by the 
static weigh! of the equipment. The 
rubber cylinder should be cut to a size 
which will slightly exceed this loaded 

Importance of mechanical reliability 
in tubes can lie appreciated from some 



lubes having stable electrical characteristics , 
sample designs are thoroughly tested under 
actual flight conditions. 
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figures compiled from several scattered 
sources; If a tube lasts 500 hr., it 
stands an excellent chance of lasting 
much longer. (Because most tubes fail 
earlv in life, premium tubes may be 
operated for 100 hr., and if they no 
longer meet specifications, even though 
they are still operative, they are re- 
jected.) Of conventional tubes that fail 
in service, 37% are rejected for noise, 
and 30% for microphonics. Both these 
most common causes of failure arc 
mechanical. If failure is due to trouble 
with the heater, odds are that the tube 
was one of the 12v. or higher voltage 
heater types. The 6v. heaters have 
proved to be more reliable; they are 
made of heavier wire and are therefore 
mechanically stronger. 

Mechanical effectiveness of improve- 
ments in tube design and construction 
is determined by measuring the tube's 
characteristics before and after test, 
and by observing from an X-ray pic- 
ture (see Fig. 6) any displacement of 
electrodes or fracture of internal parts. 

How Performance is Checked 

To determine dependability of a par- 
ticular design under all operating con- 
ditions, a sample tube is placed in a 
typical circuit in a controlled at- 
mosphere, then its performance in 
extreme conditions — of temperature 
(+ 100 C. to — 85 C.), of outside 
pressure, and of humidity — is observed. 
If the heater is under-rated, it may not 
keep the cathode hot enough at low 
outside temperature to maintain space 
charge operation. If the distance be- 
tween outside terminals is too close, arc- 
ing may occur at low outside pressure 
(high altitude). Or the tube may be- 
come excessively hot at high altitudes 
(insufficient air to cool the envelope). 

Once the tube design looks good in 
the laboratory, its operation under both 
typical and extreme flight conditions is 
observed (Fig. 7). As an illustration 
of what a tube can be subjected to, 
suppose it is located in an unpres- 
surized unit installed in the tail of a 
plane, outside of the pressurized cabin. 
The plane, in climbing over bad 
weather, rises to its ceiling. The en- 
gines are turning over faster than nor- 
mal so that power supply voltage 
is excessive. Thus the tube is being 
heated more than normally and at the 
same time is subjected to overvoltage. 
The high voltage from cathode to anode 
might arc over because of the reduced 
pressure at high altitude. The tube 
might become excessively hot because 
of poor ventilation. 

Only a tube especially engineered for 
flying conditions will stand up under 
such conditions. Even that tube would 
have a better chance if it were powered 
from a regulated supply line and 
housed in a pressurized assembly. 



A SAVING 
AT EVERY TURN 


Darnell Casters and Wheels 
assure the easy handling of 
heavy loads - sayings in 
floor and equipment wear 
soon pay for their cost. 

KEEP TURNING ANDEARNING 
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LOK-THRED STUDS BECOME 
TIGHTER IN SERVICE 



National Thread tapped 
(shown as “interference 
male “LOK-THRED” . 


ale “LOK-THRED” enters the 60% American 
The metal from the crest of the female thread 
) is caused to flow' along the helix angle of the 
stely filling the void between the flanks of the 



“LOK-THRED" Stud is driven into the tapped hole. The r 
crest of the female thread begins at or before the second thread and 
will completely fill the voids starting with the third or fourth thread. 

s thread taper of the “LOK-THRED” f 

lescrihed to produce an increasingly fi 



These diagrams show why “LOK- 
THRED" Studs lock more securely 
than American National Threads, and 
why they are chosen for such applica- 
tions as this differential axle driving 
flange used by the Silent Hoist & Crane 
Company on their “Krane Kar". 

Notice in the diagrams the 6° angle 
at the root of the “LOK-THRED" 
which carries the entire normal load 
under high compressive pre-stress. 
This avoids the chief weakness of 
standard interference fit, which tends 
to cause a bursting or splitting action 
by placing the metal of the receiving 
thread under shear. 

10 ADVANTAGES OF “LOK-THRED" STUDS 


THE NATIONAL SCREW & MFG. C0„ CLEVELAND 4, 0. 
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The Case for Wage Incentives 


A look at the record indicates 

can accomplish two things — 
lower the employer’s production costs 
and raise the employee’s take-home 
pay. This is the reason : Higher wages 
can be paid if they result in a big 
enough increase in output, because as 
volume of output goes up, production 
costs per unit go down. 

Early in the war, Beech Aircraft in- 
stalled a wage incentive plan. Within 
a year the company’s monthly output 
in pounds per dollar of plant cost 
had increased six times. This resulted 
in a definite lowering of unit costs, 
although wage rates for employees went 
up considerably. 

Piper Aircraft’s union contract cov- 
ering wage incentives also recognizes 
this principle, when it says, “It is the 
aim of the parties to this agreement to 
cooperate for the purpose of increas- 
ing production, which in turn lowers 


There are in the aviation industry 
today two distinct types of wage in- 
centive plans. One, the cooperate sys- 
tem uses figures on output of an entire 
plant to establish a wage incentive 
rate; the other is a piecework plan 
employing output of each individual 
employee as basis for incentive rate. 

The Beech Efficiency Incentive Plan 
and the Luscombe Profit Sharing Plan 
are based on the concept that total 
plant output is the relevant issue and 
that employees shotdd get their pro 
rata share when total plant output is 
high. Cardinal emphasis is on team- 
work. Ideally, the goal is for every 
employee in every department to give 
his best effort, and this would result 
in improvement for the whole plant. 

As John Gaty, vice-president of 
Beech, explains it, “The sweepers be- 
come more careful in salvaging useful 
parts, the clerks and stenographers 
economize on office supplies, the jani- 
tors take increased responsibility about 
the janitor supplies and about turning 
out unnecessary lights. Beyond these 
thousands of little savings occur the 
big economies effected by employees 
whose positions enable them to take 
important actions. New methods of 
operation and increased vigilance by 
department heads result in savings 
which in many individual cases amount 
to hundreds of thousands of dollars 
each during the period of a year.” 

However, some production engineers 
point out that outstanding workers do 
not respond well to this cooperative- 
type system. When they see the re- 
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suits of their work dissipated by fellow 
workers, they slow down themselves. 

Largely to avoid this possibility, 
both Piper and the Vultee Division of 
Convair use an incentive plan which 
is based on piecework. Each man is 
paid a rate based on the volume of his 
own output. 

There arc, of course, many important 
differences between ordinary piecework 
and wage incentive plans. Under piece- 
work, the employee receives a certain 
amount per piece. Naturally, if he 
increases his output, his take-home pay 
will increase. Under incentive plans, 
however, the rate paid per piece varies 
with the volume of output. 

For example under piecework an 
employee might be paid $1 per unit. 
If he produces 54 units he gets $54; 
for 55 units $55. But under wage 
incentive plans the rate between 50 and 
54 might be $1; between 55 and 60, 
$1.10. So for 54 units he would take 
home $54 but for 55 units he would 
earn $60.50. This illustrates how the 
incentive method greatly augments 
the inducement for an employee to in- 
crease output. 

Aspects Weighed 

Those production engineers who be- 
lieve in the cooperative-type plan (such 
as employed at Beech and Luscombe) 
contend that under a piecework-incen- 
tive system (the Piper and Vultee 
arrangement) there is a tendency for 
the individual employee to think only 
of his own record and ignore the record 
of the plant as a whole. And they hold 
that it is the whole-plant record which 
must he taken into consideration by 

In any event, years of experience 
in other industries seem to indicate 
that the easiest-to-install and most- 
likely-to-succeed wage incentive plan 
is based on piecework. For years, the 
plans of the textile, clothing, shoe, and 
millinery trades — all based on piece- 
work — have “paid off.” 

Fact remains that a piecework plan 
requires that the portion of work that 


each man does he dearly distinguish- 

airfoils, etc. — and this is not always 
possible. Some work simply does not 
lend itself to be broken down in such 
fashion that each man may be pre- 
cisely credited for a given amount. 

It is significant that in many cases 
where it has been impossible to set the 
plant up on a piece rate basis incen- 
tive plans have often been given up as 
unsuccessful. This was true in the 
steel industry where machines do the 
work and the employee's primary func- 
tion is to maintain the machine. Also 
it has been true in the sections of the 
auto industry which use belt-driven 
production techniques. Under these 
conditions, output is primarily deter- 
mined by the production equipment. 
Both of these industries have tried the 
wage incentive plan, only to give it up 
as a bad job. 

But there are other reasons why 
incentive plans have failed. Experi- 
ence makes clear that companies should 
not turn to wage incentives while there 
is friction in employee relations. Un- 
less management-employee regard is 
of a high order — cooperation good and 
confidence mutual — wage incentive 
plans, however well conceived, may be 
expected to lead to more irritation 
than advantage for both. 

Experts have found that before in- 
stituting a wage incentive program, 
management must be aware of the 
facts concerning its operations on such 
issues as flow control, plant layout, 
and other factors associated with effi- 
cient operation and coordination of the 
plant. It should conduct thorough- 
going job analyses and evaluation 
studies as well as training programs. 

In Vulteo’s case, “job analysis is 
used in evaluating the requirements as 
to (a) mentality, (b) responsibility, 
(c) mental application, (d) physical 
application, (e) job conditions, (f) 
unavoidable hazards, and (g) educa- 
tion and experience. Consideration of 
these job measures determines the 
amount each classification’s normal or 
base rate will exceed the fundamental 
rate of the Division.” 


Which system of paying employees makes for best plant perform- 
ance — the conventional hours-worked method, or the incentive plan? 
Finding broad advantages in the latter, the author compares Beech, 
Luscombe, Piper, and Vultee programs, evaluates the cooperative 
and piecework approaches, and sums up factors necessary to 
incentive success. 
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Also care must be taken that the 
l-ight man is assigned to each partic- 
ular job and instructed bow best to do 
the work. The Piper contract frankly 
recognizes this factor when it says in 
its contract : “It is the responsibility of 
the company to establish the proper 
method of performing an operation, 
set a time standard of the operation, 
and instruct the individual so that 
with the proper effort a bonus can be 

In brief, management should realize 
that it must get on its toes before it 
urges employees in the shop to get on 
theirs. Here’s why: 

The conventional time-payment sys- 
tem is not keyed !• promote real effi- 
ciency-awareness in the employee, 
hence the average worker is not brought 
to feel great concern over plant effi- 
ciency. Of course, some employees 
may not believe the best system is being 
used. However, they'll probably 
merely rationalize — “No matter, this 
is the way the boss wants it.” 

But if— once incentive plans are in- 
t roduced — inefficiencies then slow down 
the work, thereby curtailing take-home 
pay, sparks will begin to fly. Then 
management is frequently blamed, and 
there even may be accusations of 
"slackening for fear we might make 

To guard against such developments, 
most agreements covering wage incen- 
tives outline procedures concerning 
how changes in operations can be 

In its booklet explaining wage in- 
centive policy, Beech says : . . . . Sug- 
gestions by employees will be received 
gratefully by the management, as they 
have been in the past . . . additional 
suggestions are invited for anything 
which may pertain to increased operat- 
ing efficiency. 1 ' And Piper's agreement 
calls for the following procedure re- 
garding improvement in production 
technique: •*. . . . If any employee sug- 
gests an improvement in method or 
time required, the job rate and time 
standard will be investigated to include 
the advantage suggested. If as a re- 
sult of such investigation a new method 
or rate is established, a cash bonus 
shall be paid to the employee who made 
the suggestion through the regular 
‘Suggestion System,' based on the an- 
ticipated saving of the item in question 
on :.00 airplanes.” 

Quality requirements and inspecting 
procedures also take on new importance 
under incentive plans. Waste is not 
apt to be so much of a factor when 
the employee is on the time-payment 
plan, but under conditions where vol- 
ume is the basis of payment, waste 
mounts. If wisdom after the fact sug- 
gests instituting special inspection 

■84 


rules following installation of an incen- 
tive plan, the move is viewed as a 
management attempt to curb output 
through extraordinary stringency by 
the inspection department. 

Therefore these management obliga- 
tions should be assumed as part of any 
wage incentive plan. Under the Vnltee 
arrangement, three factors of indi- 
vidual performance are evaluated be- 
fore the incentive rate is set. In addi- 
tion to ( 1 ) volume of output, there is 
consideration of (2) quality of output, 
and (3) the individual’s knowledge of 
his job. Through determination made 
on the basis of these factors, an em- 
ployee can earn an incentive rate vary- 
ing up to 12% of the base rate. 

All production engineers who have 
had experience with installing incen- 
tive programs agree on one thing: It 
is a big step for a company to take — 
a step which should be taken only 
after careful consideration and under 
the guidance of people of experience. 
Invariably, the successful programs 
have been those set up by skilled pro- 
duction engineers, aided by adequate 
staffs of time-and-motion-study men 
who know their job. 

Those experts must decide on such 
imponderables as what constitutes a 
fair day's work — for example, whether 
50-to-oi or 55-to-60 units is a reason- 
able range of production for which 
the basic pay rate should apply. The 
experts must also assign a basic rate 
together with fair accelerated rates 
for ranges of output beyond the norm. 

"Fair Task" Factors 
Because an accurate judgment of 
what constitutes a fair task is required 
as a basis for any incentive plan, the 
fundamental studies require extreme 
care. Also these studies, to be feasi- 
ble, must be carried on over a consid- 
erable period of time. Moreover, the 
subjects under study — i.e., the em- 
ployees — must be made real partners 
in the project; for lack of cooperation 
can too easily misguide, or even cor- 
rupt, the findings of outside time-study 

Under the Piper incentive plan, two 
members of the union and two mem- 
bers ot management form a committee 
which directs the time-study work. 
This bi-representation assures both 
management and the employees that 
their interests will lie protected. 

Results of the time-and-motion 
studies are explained to the employees 
affected, particularly the factors con- 
sidered in reasoning out the fair task. 
Again, the Piper contract provides 
that, when studies arc conducted,” con- 
ditions shall be normal wherever pos- 
sible and no study shall be considered 
where the operator being studied is 


working below 80% of normal, unless 
by agreement. . . . All standards shall 
be based on a careful analysis of the 
work to be done, and the materials, 
equipment, methods, speeds, and speci- 
fications to be used and followed, 
including set-up and operations se- 
quence..” 

After the time-study man has set 
“scientifically” a fair and reasonable 
task, employees and management 
should follow up with agreement on 
the task set. If there is no agreement 
on this issue there can be no success- 
ful incentive plan. 

There are always some employees 
who tend to question any kind of 
change. These workers should be re- 
assured that the normal amount of 
work required has been fairly and 
accurately established and that the 
new plan increases the amount of 
wages which they may earn. Partic- 
ularly, employees want assurance that 
there will be a satisfactory degree of 
permanency in a rate once set, unless 
the job itself is changed. The agree- 
ment of one aircraft manufacturer 
states: "Time standards once set and 
agreed to shall remain unaltered, ex- 
cept for clerical errors, or where 
sufficient changes have occurred in the 
job content, methods, tooling, equip- 
ment, or materials used in the manu- 
facturing, to warrant a re-timing." 

Also, the employee should be shown 
how to figure his pay check easily and 
rapidly. The added earnings should 
not be represented as “paternalistic 
offerings” of the employer. Instead, 
the sound reason for them should be 
explained. 

As soon as the plan goes into opera- 
tion, any complaint that arises should 
be swiftly met and judged. Many 
agreements outline definite means of 
handling this factor so that no con- 
fusion need arise. 

During the production period since 
VJ-Day, some aircraft manufacturers 
cancelled their war-instituted incentive 
wage programs, believing them to be 
an expensive luxury which cannot 
feasibly be maintained under peace- 
time competitive conditions. But pro- 
ponents declare that there arc just as 
many companies, in comparable indus- 
tries, which have found that continua- 
tion of the wage-incentive systems has 
nurtured maximum effort on the part 
of their employees, thus keeping pro- 
duction costs down and aiding in meet- 
ing the competition. 

In, highly competitive industries, like 
the clothing and millinery trades, man- 
agers long ago came to the conclusion 
that the wage incentive keystones their 
businesses. The incentive system is 
recognized as a prime weapon in the 
battle against unit production costs. 
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Built largely of REVERE MAGNESIUM 

THE NEW KAISER COACH ALLOWS 74% MORE PAYLOAD 
WITH ONLY 48% INCREASE IN VEHICLE WEIGHT 


Y OU quickly see the advantages of magnesium when you 
compare an average bus with the new Kaiser Coach, 
built by The Permanente Metals Corporation for Santa Fe 
Trail Transportation Company. The conventional inter- 
city bus weighs about 22,000 pounds and accommodates 
3~ to 4 1 passengers. The Kaiser Articulated Coach, its body 
constructed of magnesium and a smaller quantity of alu- 
minum, weighs 32,460 pounds.W ith the usual space between 
seats, it can be made to carry 68 passengers by omitting 
the lavatories and the snack bar. Thus, through the use of 
light metals, advanced design has achieved a 74% increase in 
passenger payload with only 48% additional vehicle weight. 

Some of the most dramatic applications of magnesium 
have been in the construction of new types of vehicles for 
highway and air transportation. There are scores of other 
instances, however, where Revere magnesium has been 
used in vehicles of standard size simply because its light 
weight saves gas, oil, tires and maintenance or permits a 
heavier payload. A fleet operator could justifiably pay a 
premium price for such bodies, but several prominent truck 


body builders have been able to build their first magnesium 
body at little more than the cost oj former steel bodies. 

This remarkable development has been made possible 
through the design, by Revere engineers, of magnesium 
alloy sheet and standard shapes which enable any body- 
builder to produce truck panel bodies of magnesium easily 
ar.d quickly. Readily available for prompt shipment, these 
Revere materials can be assembled into bodies by means 
of the simplest fabricating methods. 

For further information on Revere magnesium and its 
ability to save money for you, get in touch with the nearest 
Revere office. 

REVERE 

COPPER AND BRASS INCORPORATED 

Founded by Paul Rerere in 1801 
230 Park Avenue, New York 17, New York 
Mills: Baltimore. Md.; Chicago. III.: Detroit, Mich.; New 
Bedford, Mass.; Rome, N. Y .— Sales offices in Principal Cities. 
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a name that signifies 
MOTOR dependability 




Year after year of trouble-free service 
in home appliances, business machines, 
portable electric tools, industrial machines, 
aircraft components and portable de- 
vices has won for Lamb Electric Motors 
a reputation for rugged dependability. 





SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 
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Argentina Seen 
Prime Export Market 


M ore than 200 export specialists 
in a wide range of manufac- 
turing companies recently 
picked Argentina as an “outstanding” 
market for American aircraft. 

Six months ago it looked more like 
an outstanding market for the British. 
But not today. For there have been 
significant developments in Washing- 
ton and Buenos Aires in recent weeks 
that confirm the judgment of these 
seasoned export managers, many of 
whom may not know much about air- 
craft but do know the Argentine 
market. 

Our aircraft makers had seen the 
British concentrate on that market 
when their export drive started last 
year. With apparent good reason 
some of our people decided at that 
time that Great Britain had a perma- 
nent inside track in the Argentine. 
There were those strained political re- 
lations between Argentina and the 
United States to consider. And there 
was the direct tie-in between Argentina 
and the whole sterling bloc of nations. 

But the picture has changed, and it 
is time for re-examination of the Ar- 
gentine market, not only by manufac- 
turers in the aircraft field but also by 
any other fence-sitting export indus- 
tries. And besides the political and 
financial developments hinted at above, 
there is another influential factor: A 
market research has been made of 
Buenos Aires (the first survey of its 
kind ever made of a foreign metro- 
politan center). It is a real eye-opener. 

But first let’s take the political de- 
velopments. There is no doubt now 
that the political atmosphere between 
Uncle Sam and the Argentine is stead- 
ily clearing. Both governments are 
still engaged in a certain amount of 
shadow boxing and face-saving ma- 
neuvers. The tip-off came when Sen- 
ator Vandenberg, top Republican 
leader on foreign policy, expressed dis- 
satisfaction with our policy toward 
Argentina in recent years. The State 
Department is in dire need of the 
Michigan senator's cooperation in for- 
eign policy, both political and eco- 
nomic. So there’s practically 100% co- 
operation between the State Depart- 
ment and Senator Vandenberg these 
days, we are told authoritatively, and 
the restoration of cordial relations be- 
tween the two largest American re- 
publics is not far off. 

That means much to foreign traders 
who have been competing with the 
British for the Argentine market at a 
distinct political disadvantage. The 
British said little during our pro- 
longed quarrel with Argentina hut lost 
no opportunity to tighten their hold 
on the latter’s trade. 

But now that the two republics are 


moving toward closer relations, it 
should be possible for our exporters to 
get into the Argentine market without 
having to climb over huge piles of 
empty crates marked “Britain De- 
livers the Goods.” 

Argentina is the wealthiest of Latin 
American nations. Her gold and ex- 
change balances, totaling approxi- 
mately $3,000,000,000, have been stead- 
ily increasing sinoe the war, while 
the balances of most other Latin 
American nations have been declining. 
Such large and growing balances, of 
course, indicate that Argentina has 
plenty of foreign exchange with which 
to buy our goods. 

But there is a new factor in Argen- 
tine’s financial picture which further 
strengthens her position. She had 
$580,000,000 in blocked sterling bal- 
ances accumulated chiefly through the 
sale of meat and wheat to Britain. 
For many years during depression and 
war, these sterling balances could be 


Thorough survey reveals how 
new political-economic trends 
give U.S. decided edge tor sizable 
aircraft sales in nation having 
the money as well as the need. 


spent by Argentina only at London. 
Thus Argentina was tied indirectly to 
the British and their bloc of sterling 
nations. Then, as a part of the Anglo- 
American loan and financial agree- 
ments of last June, Britain promised 
gradually to unblock the $14,000,000,- 
000 in sterling which she held to the 
credit of other nations. 

The first step in this direction is the 
new financial agreement between 
Britain and Argentina. This provides 
that Argentina now can spend sterling 
arising out of current trade anywhere 
in the world, no longer being restricted 
to the expenditure of such sterling in 
Great Britain exclusively. 

So much for current trade balances. 
As regards amounts already blocked, 
England releases $125,000,000 in gold 
held for Argentina ; makes $40,000,000 


in sterling available for Argentina to 
spend in Brazil; and allots $9,000,000 
a year for 4 yr. for Argentina to spend 
in Great Britain, after which new ar- 
rangements will be made. 

There are many other provisions of 
the agreement, the result of which, as 
far as we are concerned, is to gradually 
move Argentina out of the British 
financial orbit of nations; give her even 
more money to spend here if she 
wishes; and cut down the huge sterling 
balances she had to spend within the 
sterling bloc if anywhere. 

All over the world, nations have the 
urge to industrialize. There are 5-, 
10-, and 20-yr. industrialization plans 
a-plenty for such nations as Russia, 
China, India, and other predominately 
agricultural countries. But for most 
nations the industrialization idea is an 
ambitious dream that will take years 
and possibly decades to bring to frui- 
tion because of the comparative pov- 
erty of their areas. Argentina, how- 
ever, has a 5-yr. plan that is stirring 
much interest here because she already 
is prosperous enough to procure the 
materials, technicians, and machines to 
really get started on it. 

U. S. interest in President Peron’s 
5-yr. plan extends far beyond that of 
supplying the machines and materials. 
Trade always follows industrialization. 
Canada, which industrialized after the 
first world war, is now the third largest 
trading nation; on the other hand, 
Mexico, which compares with Canada 
in size and population, remains an ag- 
ricultural nation. 

Argentina hasn’t set a final figure 
yet on the amount she will spend on 
the industrialization during the 5-yr. 
period. So far there are concrete plans 
involving $1,600,000,000. One gage of 
the ultimate progress may be found in 
the estimate of $1,000,000,000 on capi- 
tal equipment replacement. 

One of the first steps will be aerial 
mapping of the country for irrigation 
and hydro-electric power development. 
United States engineering firms are 
working on projects for President 
Peron — developments ranging all the 
way from tourist hotels to oil explora- 
tion schemes. 

One main objective is to build up 
industrial centers in various parts of 
the country. Intention is to locate 
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Linear has, for more than forty years, spe- 
cialized in the design, development, manu- 
facture and application of natural and 
synthetic rubber compounds to the 
Mechanical Packing and Moulded Rubber 
requirements of a wide variety of industrial 
installations. 


Our Engineers are always available to help 
you select the correct type of moulding for 
your application ... to determine not only 
the best natural or synthetic rubber com- 
pound, but the most effective design to fit 

For further information about Linear 
Quality Moulded Rubber Products, write 


LINEAR 


STATE ROAD and IEVICK STREET — PHILADELPHIA 35, PENNA. 
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United Air Lines 
Adopts IvLAD POLISH! 

Man-hour savings were one big factor in UAL adoption of 
Klad Polish for their entire fleet including their big new Douglas 
Deluxe Mainliner 300! The comments of their Director of Engineering 
will make interesting reading for Superintendents of Maintenance 
who are faced with the problem of tightening their control over 
increasing costs. Fixed base operators, doing contract work on smaller 
planes, also can profit by finding out what Whiz Klad Polish can 
do toward cutting their costs. R. M. Hollingshead Corporation , 

Aviation Chemicals Division, Camden, New Jersey; Toronto, Canada. 





For Comfort, Safety, Economy... 
"Bridgeport" AIRCRAFT UPHOLSTERY FABRIC 


Woven from carefully selected raw wool, 
these strong, light fabrics are designed 
expressly for aircraft usage. Surfaces are 
smooth and soft for maximum comfort. 
Sewing and proper stretching characteris- 
tics permit 20% faster installation, as 
proved by time-and-motion studies. They 
stay clean longer and are easier to clean 


when soiled. They’ll wear longer and will 
retain their good looks right to the end. 
We are making exclusive colorings and de- 
signs for a number of air-frame manufac- 
turers and air-transport companies. Why 
not send us your color preferences to be 
reproduced in these practical, beautiful, 
and economical fabrics? 



L 

WEATHERSTRIPPING 

BRIDGEPORT FABRICS. INC 

BRIDGEPORT 1, CONNECTICUT 
Our One Hundred and Tenth Year 



of reduced torque requirements as- 
sociated with a higher-speed shaft. 

3. Inverted Loads. To assure that 
supporting bearings, rotor mounting, 
and other hub parts are suitably de- 
signed to lake earc of downward act- 
ing loads, a down-load equal to the 
weight of the craft with a limit L.F. = 
2.0 should be applied to the hub. CAA 
regulations (CAR-06) require a limit 
L.F. of 1.0 for inverted loads. Since 
the parts are designed for ultimate fac- 
tors of from 4.5 to 6 for up-loads, they 
will usually be satisfactory for inverted 
loads having a limit L.F. = 2.0. 

A separate study should be made of 
the maximum operating stresses and 
their fluctuations to make sure they are 
well within the allowable fatigue val- 
ues. This study is particularly im- 
portant in connection with moving 
parts, including those designed by 
torque conditions. Also, sections hav- 
ing stress concentrations should be 
analyzed for fatigue effects. 


flown extensively by the All Weather 
Flying Div. of the AAF’s Air Mate- 
riel Command from the Clinton County 
Army Air Base, Wilmington, Ohio. 
Successful application of the original 
equipment has encouraged purchase of 
additional units. 

As with most instruments, the Fixer 
has its disadvantages and limitations. 
It can hardly be expected to be more 
reliable or accurate than the automatic 
direction finding radio compasses 
which are employed to provide the avi- 
gational data. 

Other faults and disadvantages of 


the unit, as noted by its inventor and 
those who have used it extensively, are 
said to be relatively minor and cor- 
rectable without too much difficulty. 
These include problems of mounting 
the indicator in the cockpit so it may 
be pivoted to be used by either pilot 
or eo-pilot, increasing strength of 
light beams for easier reading, and 
improving flux gate needle indica- 
tion of direction of flight. 

Multiple flight paths along an air- 
way are possible, although the safety 
of such procedures is somewhat de- 
pended upon the accuracy of the 


Radio "Fix" Device 

(Continued from page 53) 

Primarily adapted for domestic 
point-to-point avigation, the Radio 
Fixer can be used successfully for low 
approaches during poor visibility. In 
operating and demonstrating the 
equipment, the inventor has made 
many approaches under 200 ft., some 
in extremely unfavorable weather con- 
ditions. 

With it, he says, any pilot with an 
hour or two of practice can readily fly 
traffic patterns and approaches in poor 
visibility as easily as in contact. The 
accuracy with which such patterns can 
be flown is dependent upon selection 
of suitably located ground radio sta- 
tions. Utilizing 45w. locator stntions, 
3 mi. apart on Andrews Field, near 
Washington, D. C., Col. Duggar was 
able to make a straight-in approach to 
Runway 27, going into overcast at 
4,000 ft. and breaking out at 275 ft 
in position to land within the first 200 
yd. of runway. Accurate adjustment 
of radio and barometric altimeters pro- 
vided necessary altitude information. 

Value of the device as an aid to 
blind approach and landings is seen 
in the fact that any pilot can be in- 
structed to hold over any area or to 
approach from any direction in order 
to turn in on the final landing leg at 
any given distance out. This feature 
makes it particularly useful when used 
in conjunction with currently available 
instrument approach systems, such as 
GCA and ILS. 

At present, the original Radio 
Fixer-equipped C-47 plane is being 
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Wyman-Gordon has originated and developed many 
forging designs in steel, aluminum and magnesium and 
has pioneered in the development of proper grain flow. 
. . . Typical of such a development: an aluminum alloy 
piston forging. 

Standard of the Industry for Sixty Years 


WYMAN- GORDON 

Forgings of Aluminum, Magnesium, Steel 
WORCESTER, MASSACHUSETTS, U. S. A. 
HARVEY, ILLINOIS - DETROIT, MICHIGAN 





ONLY AUTOMATIC TAILWHEEL ASSEMBLY 

GIVING POSITIVE AND COMPLETE 
GROUND CONTROL 

TO MAKE YOUR TAXIING EASIER 
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The new Hansen two-way shut-off coupling 
provides for easy— quick— safe connecting and 
disconnecting of hydraulicand pneumatic lines. 
This unique "spool type” valve coupling permits 
the instant sealing of each end of the lines 
immediately upon disconnection of plug from 
socket. To connect, you pull back sleeve and 
merely push plug into socket— coupling is con- 
nected and locked — valves in socket and plug 
are open, automatically permitting oil or gas 
to flow freely in either direction. To disconnect, 
push back sleeve — this disconnects coupling. 

Socket and plug are each positively sealed, 
automatically preventing loss or spillage of 
fluid. Check the many advantages in time, 
labor and cost savings provided in this new 
Hansen two-way shut-off coupling. 


"pull deiacit in tout Pfauoctt "SuUetitc. 
TOiitc fivt you* co/hy. 





THE HANSEN MANUFACTURING CO. 


1786 EAST 27th STREET 


CLEVELAND 14, OHIO 




Sperry’s “all-weather” Automatic Approach . . . 


The Automatic Approach Control, accessory to 
the Sperry A-12 Gyropilot, relieves the pilot of 
tension, lessens fatigue, and gives him a tool which 
permits him to do his job better. 


.which flies airplanes automatically to the runway 

Sperry Automatic Approach Control, using signals from the 
C.A.A. Localizer and Glide Path which operate the Cross 
Pointer Meter, interprets these signals in terms 
of turn, climb and descent. This approach control, 
operating through the A-12 Gyropilot, guides the airplane 

along the path defined by the 
Instrument Landing System 
without “hunting” or 
oscillation. 


... can improve your schedule reliability 



The A-12 Gyropilot and Automatic Approach Control permits 
development of new operating techniques which will result 
in improved schedule reliability. 




■mo? 


Sperry Gyroscope Company, Inc. 
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SPECIAL PUBLICATIONS 




Hex-socket (hollow) Set Screws used in 

connection with critical adjustments in the accessory 
end of an airplane engine. This photo of an overhaul job was 
taken in the Miami maintenance base of the Pan American 
World Airways System. 

The company observes that in this particular application, "where quality 
and dependability are very necessary factors, the contribution of Allen 
Products has been noteworthy”. There are countless other applications in 
planes and in plants that make the planes, where "Allens” hold together 
mechanical assemblies with that never-let-go-tenacity dramatized in the air. 
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Recessed Head screws have definite advantages over the older, slotted 
bead type hut ONLY REED & PRINCE Recessed Heads can be driv- 
in any size — from the smallest to the largest — with ONE driver! 


REED & PRINCE 


MANUFACTURING 

WORCESTER, MASS. 


COMPANY 

CHICAGO, ILL. 
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• ..these are our words, too! 


In the words of one of our customers. Capital Air- 
lines, now observing its twentieth anniversary, we 
feel that "commercial aviation is important to the 
economy of our country, just as every form of 
transportation has been to our national develop- 
ment . . . that commercial aviation’s brightest days 


are yet to come . . . and that our ability to give 
greater service is just beginning.” *J We at Berry 
Brothers welcome our many opportunities to work 
with Capital Airlines and others in the develop- 
ment not only of more durable aircraft finishes but 
also newer, more attractive interior and exterior 




Ask for FREE 

\ \ AS- \ \\\ Manual 

\ \ <g> \ \U c -lift 


color treatments which add further appeal to 
modern air travel. 


BOSTON • JERSEY CITY • CINCINNATI • CHICAGO • ST. LOUIS 
INGLEWOOD. CALIF. ■ MONTREAL • WINNIPEG • TORONTO 


BERRYLOID 

Aircraft Finishes 
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MOTOR. OPERREED GATE VALVES 


f “ a=%». me „ 

f V«®, pL" ,T' " J 

I OW k, Wh, '“tpreof 
»'* valve c 

“““ MnteM ‘"-P'eof 
«"d pressure ° f Wes, sires 

^™ple,ei„ f0 ,„„ i6 , Write 1 

C °" L ™., 91 5 N C| . M ' R - Wi »TTAKITR i 

California. Eastern ve ' Lo s Ang e l <s 38 , J 

—»»»,*., J 


Aviation 


People 


Lester J. Henderson (photo) has been 
appointed gen. sales mgr. of Aeroquip 
Corp. Formerly asst. gen. mgr. of 
Weatlierhead Co., he was on committee 
investigating and reporting on German 
aircraft in '45. He is a member of SAE 
Aircraft Activities Membership Com- 

Wiiliam P. Huxley (photo) has been 
made sales mgr. of Hamilton Standard 
Propellers dlv. of Dnited Aircraft. Pre- 




L. J. Henderson W. P. Huxley 
viously, he was associated with Singer 
Sewing Machine Co. He is a graduate 
of Princeton. 

John S. Winter (photo) has been ap- 
pointed chief designer of Edo Aircraft. 
Formerly, h e ser ved as an asst, project 
engineer on XFD-1 Phantom jet fighter 
at McDonnell Aircraft. Earlier, he was 
staff engineer at C-W's St. Louis plant 
and project engineer at C-W's Colum- 
bus plant. In additional appointment. 
Edo named Charles W. Frick as chief 
aerodynamlcist. 

T. A. Knowles (photo) has been ap- 
pointed v.-p. and gen. mgr. for Good- 
year Aircraft. With company since '28, 


J. S. Winter T. A. Knowles 

he holds MIT BS degree in mechanical 
engineering. Charles H. Zimmerman 
has been named factory mgr. at Good- 

Capt. Ralph S. Barnaby, well-known as 
a pioneer in engineless flight, has joined 
staff of Franklin Institute, where he 
will be in charge of investigating and 
designing pilotless aircraft. 

ppointments: Charles L. Gallo, 
in named director of traffic for 
tional div., and Leo R. Gilleran 
m named controller of Trans- 
i ’*oi div. 


AN U FACTU R E RS 

pejated Sliding Ga 
'alves • 3 -Way Plug V 
i Check Valves • Hv 


• DISTRIBUTORS 

te Shut-Off Valves • 
ALVES • 4 -Way Selector 
draulic Check Valves 


continental div. 

Gen. Harold L. George, wartime head 
of ATC and now pres, of Peruvian In- 
ternational Airways, has been appointed 
to Hochschild Fellows Committee of 
American University. 

T. L. Taylor has been named director of 
Glenn L. Martin’s new Customer Rela- 
tions div., and Agnew E. Larsen, for- 
merly pres, of Rotawings, has been 
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. . . And to you this can mean long, efficient service from 
your rubber parts when you specify them made with 
Perbunan 26 NS. This improved Perbunan offers you all 
famous standard Perbunan features, plus: 

• Non-Fading Colors ! . . . from any solid color to the most 
delicate shade . . . improved resistance to sunlight, ultra- 
violet radiation, heat. 

• Non-Staining of porcelain, enamels, plastics and fabrics! 

• New Quality in combination with polyvinyl chloride 
and modified phenolic type resins. 

Discuss Perbunan 26 NS with us. We’d like to show you 
where and how Perbunan-made parts can do a job for you. 
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Ninety percent of today’s larger 
aircraft carry locking devices 
made by ADAMS-RITE, 
handsomely styled, precision 
manufactured locks and latches 
that secure fuselage, compartment, lavatory, and 
bulkhead doors . . . mechanisms that were created 
and developed to meet specific problems encountered 


named mgr. of Martin's newly acquired 
Rotawings dlv. 

Col. M. M. "Jack” Frost, v.-p. and asst. 

gion of Merit for exceptionally meritori- 
ous services during World War II. 

Robert W. Straughn (photo) has been 
named adv. and sales promotion mgr. 
of Stinson dlv. of Convair. During war. 
he served as a Navy Combat Technical 
Air Intelligence Officer, also as a BuAer 
representative. Previously, he was an 
adv. and sales promotion exec, at 
Chrysler Corp. 


F. N. Plaseoki (photo), pres, of Plaseckl 
Helicopter Corp., has been elected an 
honorary fellow of American Helicopter 



R. W. Straughn F. N. Piasecki 


Society for outstanding achievement In 
development of a successful new depar- 
ture In helicopter design and advance- 
ment of helicopter art. 

Col. L. H. Brittin has been elected exec, 
dir. of Independent Airfreight Assn. 

Joseph H. Rosenberg has been elected a 
director of Convair. 

J. Prescott Blount has been named 
western div. mgr. of Slick Airways. 

Robert E. Reedy has been elected v.-p. 
in charge of sales for Thorp Aircraft. 

Robert A. McKinley has been appointed 
San Diego branch mgr. for Pacific Air- 


H. G. Rethmeyer has been named Pa- 
cific coast dist. mgr. of Marine and 
Aviation div. of Westinghouse. 

Capt. (.eland D. Webb has been named 
mgr. of Western region office of AIA. 


in aircraft design. ADAMS-RITE Aircraft Locks 
and Latches now wear the distinctive emblem that 
identifies ADAMS-RITE as the maker. 


Russell DeYoung, v.-p. and gen. mgr. of 
Goodyear Aircraft, has been named 
v.-p. and a member of board of directors 
of Goodyear Tire & Rubber. 


lbmty 

in engineering design and service in working with 
aircraft manufacturers in developing aircraft locks ^ 
and latches, and are thoroughly familiar with the 
highly specialized requirements of the industry. 


Juan T. Trippe, pres, of PAA, has re- 
ceived Harmon Trophy for Invaluable 
services during war. 

Charles S. Cheslon and Thomas M. 
Conroy have been elected directors of 
AA. Sanford H. Hinton, supervisor of 
engineering flight analysis for AA, has 
resigned to Join Luttrell & Senior, air 
transportation consultants. 



ADAMS-RITE MIHACIIIIIINi; CD. 


540 WEST CHEVY CHASE DRIVE, GLENDALE 4, CALIFORNIA, U. S. A. 


J. Raymond Bell, dir. of pub. rel. for 
PCA, has been named a director of 
American Public Relations Assn., and 
National Assn, of Public Relations 
Counsels. James W. Austin has been ap- 
pointed gen. traflic and sales mgr. for 


John Baldwin has been appointed asst, 
chief engineer of Weatherhead Co., with 
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Wherever extraordinary or difficult operating conditions 
prevail, Sirvene pliable parts deliver dependable service at 
the very heart of the mechanism. They may control fuel 
intake, maintain delicate air pressure and fluid ratios, or 
provide an effective seal against mud, dirt. oil. water and 
other solubles. In each application Chicago Rawhide engi- 
neers custom-develop the Sirvene part from special formulae 
so that it meets exact specifications in design, elasticity or 
hardness, resilience, compression set, temperature resist- 
ance and tensile strength. Whenever your designs require 
unusual molded parts, investigate Sirvene first. 



A Product of the Synthetic Rubber Division 


CHICAGO RAWHIDE MANUFACTURING CO. 



Sirvene products include diaphragms, boots, gaskets, oil seals, washers, packings, and other special molded mechanical pliables. 


Sirvene Engineers are pioneers in the field of scientific compounded elastomers. Since Now York • Philadelphia • Detroit • Los Angeles 

1929,theyhaveacquiredanunequalledbackgroundofresearch.developmenlandmanu- • Cleveland • Boston • Pittsburgh • SanFrancisco 
faduring experience. This unique reservoir of experience is always ai your service. Cincinnati • Portland • Syracuse • Peoria 





DOUGLAS D-558 SKYSTREAK 


Regarding these products, Douglas states: 
"Every tiny part of the SKYSTREAK must possess 
the utmost in precision and dependability. 
“Pressure Regulator, ELECTROL #250, is the 
main hydraulic system pressure regulator on 
the Navy's high-speed research airplane, the 
Douglas Skystreak. It is used on the hydraulic 
system which operates the landing gear, dive 
flaps and surface snubbers. Selection of this 
regulator was made after countless tests, be- 
cause of its light weight, small space require- 
ment, and its service record. This pressure regu- 


lator is used in the range of 1250 to 1500 PSI. 
“Another ELECTROL product, the reservoir pres- 
surizing valve, ELECTROL #370, is used for 
pressurizing the main hydraulic system reservoir 
that is necessary for high altitude flight. This 
valve combines check and relief valve action 
to admit air from pressurized cockpit area to 
reservoir or to release air from reservoir should 
pressure become too high. It was selected be- 
cause of light weight and simplicity. Check 
pressure is set at Vi PSI maximum, relief pres- 
sure at 8-10 PSI." 


ELEGR0L 


INCORPORATED 

FOR BETTER HYDRAULIC DEVICES 

KINGSTON , NEW YORK 


SERVO CYLINDERS • TRANSFER VALVES • C 


AVIATION, April, 1947 



partners in creating 


• As the draftsman's pencil makes its mark, he issues orders, through a 

only with special assistance can human hands shape such precise, complex 
orders as these. No wonder the draftsman chooses his instruments with care . . . 
he is, in effect, taking them into partnership ! 

In this sense, Keuffel & Esser Co. drafting equipment and materials have 
been the draftsman's partners for 80 years in creating the peaceful culture and 
wartime might of America, in making possible our concrete dams, steel bridges. 

So universally is this equipment used, it is self-evident that every engineering 
project of any magnitude has been built with the help of K & E. Could you wish 
surer guidance than this in the selection of your "drafting partners"? 

Especially in these hurried days, you will find a PARAGON* Drafting 
Machine a boon to your work ... and your 
nerves! With the finger tips of your left 
hand on its control ring, the lightest pres- 


IK* 


angle, anywhere o 
PARAGON* story, v 


the board. Your right hand is always free. For the full 
•ite on your letterhead to Keuffel & Esser Co., Hoboken, N. J. 
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ECONOMIZE! 

STANDARDIZE! 



Speed up baggage and cargo-han- 
dling operations with Airquipment's 
new "all-purpose" 2-ton cart. 

Higher handling efficiency singly 
or in train! Easily loaded from wide, 
open sides . . . ends quickly remov- 
able for extra-length loads. Palletized 
bed has openings for fork-truck lift. 
Waterproof cover is instantly avail- 
able in bad weather. Two-way brake 
provides positive locking for parking 


and reduced speeds on inclines. 

Maintenance is lower. Bed top is 
long-lasting aluminum non-skid dia- 
mond plate. Welded steel wheels 
have long-wear steel brake bands, 
heavy-duty swivels. 

Safety reflectors, chrome trim and 
handles add to pleasing appearance. 

For more efficient baggage and 
cargo handling, write to Department 
C-6, Airquipment Company. 


direct supervision of project engineering 
and drafting and design groups. This 
work includes coverage of aircraft prod- 

John E. Bierwirth has been elected a 
director of Bell Aircraft. 

Junius H. Cooper has been elected v.-p. 
of C&S. 

Clarence B. McGee has been appointed 
WAL design engineer with Los Angeles 
hq. 

Herbert J. Conover has been named to 
head Greer Hydraulics' West coast 


What's New 

provide fast flowage. Valve is con- 
structed of Milvaloy, company’s heat 
treated and anodized alloy reported to 
be one-third weight of bronze yet meet 
requirements for strength and durabil- 
ity. Included is cold weather feature 
so operator's hand does not come in 
contact with valve. 

Automatic Flight Recorder 17 

Designed to provide recorded data 
which will help determine cause of 
aircraft mishaps, automatic flight re- 
corder is announced by General Elec- 
tric Co., Schenectady, N. Y. Instru- 
ment provides airlines with records of 
plane's altitude, vertical acceleration, 
airspeed, compass heading, and other 
operational data which can be meas- 
ured with standard pointer-indicating 
type instruments. Safety and efficiency 
in air is said to be promoted by de- 
tection of possible plane or pilot tend- 
encies before they lead to accidents, 
and by furnishing recorded data which 
may later determine cause of accident 
to plane. Electric transmitter signal- 
ing devices (selsyns) are installed on 
standard aircraft instruments, each 
transmitting position of instrument’s 
pointer to a receiver selsyn in flight re- 
corder, which is geared to inklesss re- 
cording system. Record trace is about 
.02 in. in width. Maker says trace is not 
affected by altitude or temperature, 
and records can be submerged in salt 
water for several days without damage. 
Instruments can be installed ih any 
part of plane where desired data can 
be most easily and accurately recorded. 
Plight recorder can be located in tail 
for possible crash protection. 

Lathe Grinding Attachment 18 

Designed for external grinding and 
equipped with a 4 x !4 in. grinding 
wheel driven by a constant speed con- 
tinuous duty !4-hp. motor, electric 
grinding attachment for use on lathes 
and other machine tools has been de- 
veloped by South Bend Lathe Works, 
South Bend, Ind. Available with frame 
sizes to fit various sizes of company's 
lathes,, attachment can be adapted to 
other makes of lathes, milling machines, 
shapers, and planers. Grinding 
wheel spindle runs on pre-lubricated 
sealed ball bearings which require 
no adjustment. Tension adjustment 
is provided for V-belt which con- 
nects motor and spindle. Spring stops 
for grinding straight and spiral fluted 
reamers and cutters, can be furnished, 
also diamond dressers for truing grind- 


•Alullllpinjlir COMPANY 

2820 ONTARIO STREET, BURBANK, CALIFORNIA 
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Shown here are a few of the many 
problems in power transmission 
that have been solved by Foote 
Bros.' Engineers. Look to Foote 
Bros, for the following equipment: 


assuremaximum efficiency, compact- 
ness and low noise level, Foote Bros. 
"A-Q" Gears can be engineered to 
. meet your toughest requirements. 

POWER UNITS to fit any space en- 
velope and to provide absolute con- 
| trol within an exact time cycle at any 
* distance from the operator, Foote 
Bros.’ experience can help you. 

{ FOOTE 1ROS. GEAR AND MACHINE CORPORATION ' 


SPEED REDUCERS in a wide range of 
sizes and ratios to meet practically 
every industrial need, are also a part 
of Foote Bros.' line. 

COMMERCIAL GEARS from 3 inches 
diameter up to 25 feet produced in 
any quantity— on a monthly deliv- 
ery basis if desired. 

sion, the extensive facilities of Foote 

engineers, the three quarters of a 
century of experience back of this 
company assure your getting a satis- 
factory answer. 


FOOTEfBROS. 
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ing wheel and holding fixtures. Wheels 
are available in several grades for 
grinding various materials, including 
tungsten carbide, tool steel, machine 
steel, cast iron, brass or bronze, alumi- 
num, Bakelite, and hard and soft rub- 


Solenoid Two-Way Valve 19 

Accommodating operating pressures 
from 0 to 1,500 psi„ new 110v. a.c. sole- 
noid two-way valve for use on all types 
of machines where continuous duty is 
desired, has been developed by Elec- 
trol, Inc., Kingston, N. Y, While pri- 
marily for use with oil, it can be 
adapted for use with other liquids. It 
is supplied in NPT pipe sizes: 'A, 1 i . 
%. and H in. Valve housing is made of 
heat treated aluminum alloy. En- 
closed poppet and seat are made of 
hardened and ground steel. Sealing 0 
rings are of standard size and design. 
Valve can be supplied in normally 
opened or closed positions. A HOv. 60 
cycle solenoid is mounted on top of 
valve housing. Solenoid core motion is 
transmitted to valve plunger by a lever. 
Two 10 in. lead wires are provided. 


CO and Fire Detector 20 


Appliances Co., Pittsburgh, is n 
ing instrument which indicates 
ence of fire or CO in a plane bi 


instrument can be used to test from as 
many as twelve separate locations. In- 
corporating principle of detecting and 
locating fires on ' ' * 


only 0.005 % CO at one of sample in- 
takes. Then valve operates and light 
on instrument panel flashes, identifying 
section of plane containing mixture, 
and, if desired, an audible alarm can 
be sounded. Unit consists of two major 
components: An analyzer and an auto- 
matic multi-way valve. Samples of 
air from various parts of cargo com- 
partments can be drawn through equip- 
ment by connection to instrument 
vacuum system of plane or by use of 
electrically driven pump. System is 
designed to operate from 24v., direct 
current with a suction of 4 in. of mer- 
cury. Sampling tubes are usually %-in. 
aluminum tubing. Weight of analyzer 
is 8 lb., and weight of multi-valve varies 
with number of points tested, with a 
maximum weight of 8 lb. for 12-point 
system. Principle is that of passing air 
sample through cell containing Hop- 
calit, a catalyst which causes CO to 
be oxidized to CO,. Heat generated is 
measured by a differential thermopile 
connected to a contact-making meter. 
Other gases and vapors normally pres- 
ent in interior of plane are said not to 

unit is in detection of exhaust gas leak- 
age in nassenger spaces. 


Paris Washer and Dryer 21 

Designed to handle rinsing and dry- 
ing jobs involving screw machine or 
small stamped parts, screw-drum type 
washer and dryer, made by Optimus 
Equipment Co., Matawan, N. J., can 
be used for processing metal parts, 
rinsing and drying them, or any part of 
these operations. It can be adapted 
for a wash-drain, rinse-drain, cold or 
hot air dry sequence, or for pickling 
operations. Dryer end is closed to avoid 





or maintenance 
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FOR 
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ALBERTSON & CO., INC. 
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This Smoke Detector 


spots fire before it spreads 
. . . Weighs Less Than 2% Pounds 


A fast, positive means of detecting fires in baggage and cargo spaces 
without the use of heavy equipment or dependence upon the hu- 
man element is now possible with the new C-O-Two Aircraft 
Smoke Detector. The first trace of smoke automatically sets oft 
a red light and buzzer in the pilot’s cabin. It is the lightest on the 
market and measures only ll'/s by 4 by 3% inches. Made in two 
models, the C-O-Two Detector meets varied installation require- 
ments. 

NATURAL CONVECTION TYPE— Requires 
no ducts, blower or exhaust means. Functions 
whether plane is in flight or on the ground. Smoke 
particles (white, black or any color) enter detector 
through louvres in all sides of the cabinet and re- 
flect light on a photo-electric cell which activates 
the alarm. 

TUBE TY PE — For installation outside cargo or 
baggage spaces. Air passes from protected space 
through lightweight tubing to the detector. Smoke 
causes immediate alarm. 

Write us for details. 

C-O-Two Fire Equipment Company 

NEWARK 1 . NEW JERSEY 

Sales and Service in the Principal Cities of United Slates and Canada 
AFFILIATED WITH PYRENE MANUFACTURING COMPANY 
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“ T~\ VERYBODY seems to want Wolf’s Head 
Tv —‘the finest of the fine’ Aviation Oil. 
Air lines, plane builders, engine makers 
and pilots agree . . . there is no finer oil. 

“Those bosses of mine, out in Oil City, 
certainly know what it takes to lubricate 
plane engines. First off, they start with only 
the finest premium grade 100% pure Penn- 
sylvania crude. Then they specially refine it 
and re-refine it until it's just right for air- 
planes. That’s why Wolf's Head keeps 
engine wear at a minimum . . . resists forma- 


tion of harmful gums and carbon deposits 
. . . stays cool during circulation . . . and 
stands up when it meets those engine 
‘hot spots.’ 

“But that’s not all. Out at the refinery, 
they’ve a special staff whose job ever since 
the early days of aviation has been to keep 
abreast of aircraft engine developments . . . 
and to plan for the oils those engines 
will need. That’s why, no matter 
what future developments in air- 
craft may be, you can always be 
sure that for top-quality protec- 
tion, for maximum trouble-free 
performance, the oil you want 
is Wolfs Head.” 



It pays to fly with the "finest of the fine ” 

WOLFS 




/Ituatian Oil 



WOLF’S head OIL REFINING CO.. INC., Oil City, Pa., New York 10, N. Y. 
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The Reynolds TECHNICAL ADVISOR 



People are asking questions about aluminum today. . . seeking 
information on using aluminum mill products most effectively. 
To meet this demand for technical information Reynolds is 



AVIATION, April, 





FOR RESISTANCE TO HIGH TEMPERATURES AND CORROSIVE GASES 


B uilt with 18 gage U-S-S Stain- 
less Steel, type 321, these front 
and rear manifolds and tail pipes are 
made by Solar Aircraft Company for 
the Boeing B-29. They are exposed to 
temperatures of over 1500°F and are 
subjected to high internal pressures 
and extremes of temperature result- 
ing from high altitude operations. 

Their long life under such severe 
conditions can be credited to excel- 
lent engineering and superior fabri- 
cating, and to the unique qualities of 
the Stainless Steel itself. 

For parts like these that must re- 


sist high heat— venturi cowlings, air- 
craft boilers, heat exchangers, and 
jet engine burner assemblies— U - S • S 
Stainless Steel offers unsurpassed 
service. It ensures high creep 
strength, produces no harmful oxida- 
tion scale, provides unsurpassed re- 
sistance to corrosion, wear and cavi- 

In addition, U-S-S Stainless Steel 


—a perfected, time-tested Stainless— 
is so uniform in composition, in finish 
and fabricating qualities that it al- 
lows the widest latitude in design and 
permits the employment of the most 
advanced manufacturing techniques. 
The result— equipment that will de- 
liver the utmost in performance. Our 
engineers will gjadly cooperate with 
you in applying it most economically. 


U-S-S STAINLESS STEEL 



SHEETS • STRIP • PLATES • 


• BILLETS • PIPE • 


• SPECIAL SECTIONS 


L COMPANY, Sim Francis 
E COMPANY, Pittsburgh 
& RAILROAD COMPANY, Birminghan. 


UNITED STATES STEEL 
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# 
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84,000 pounds fully loaded . . . that's the DC-6 ... yet its de- 
signers were ever mindful of the opportunity to save ounces. 

Through the use of Weldwood and Armorply Honeycomb for 
shelves, partitions and header assemblies, Douglas engineers are 
saving many important pounds in this new luxury airliner. 

Weldwood and Armorply Honeycomb has an amazingly high 
strength/ weight ratio. And it’s light . . . the core of this revolu- 
tionary "sandwich” weighs only 4 pounds per cubic foot. 

Honeycomb cores are made from impregnated cloth, paper, 
Fiberglas or other materials, depending on requirements. The 
core is faced with fine decorative veneers, aluminum, stainless 
steel or plastic ... to fit any need for a lightweight, yet very strong 
and stiff structural material. 

Full engineering data on Honeycomb is available on request. 
Write for complete details. 



WELDWOOD and ARMORPLY 


IIIONEYCOMB 


product n of 


{ 


UNITED STATES PLYWOOD CORPORATION 
55 West 44th Street, New York 18, N. Y. 
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1. Plastic Molding Press. 2. Bending 
Press. 3. Stampine Press. 4. Horizontal 


Press. 3. Stamping 
Press. 5. Forming Press. 6. Motor- 
driven Arbor Press. 

KRW Hydraulic Presses are available 
in tonnages ranging from 25 to 100- 
tons and cither hand-operated, air- 
operated or motor-driven. 


/Z/l/i/iF /r... 

^COUOON TODAY 


BUFFALO 3, NEW YORK | 



NEW VHF NAVIGATION 


SYSTEM PROVED* 


On January 4-5, and again from January 20-23, 

system, giving ADF type presentation, was suc- 
cessfully demonstrated in conjunction with the 
CAA’s Omnidirectional Range at Indianapolis. 
The radio and instrumentation equipment was 
designed and built to specifications of Aeronau- 
tical Radio Inc. by the Collins Radio Company. 

in its untiring efforts to establish improved air 
navigation facilities, the Collins 51R system was 
speeded to completion by intensive engineering 
effort, and is the first of its type to be demon- 
strated. ARINC’s Radio Equipment Committee 

earlier demonstration in the Collins flight research 
plane, a Becchcraft 18S. Fog and low-hanging 

provided ideal conditions for proving the effec- 
tiveness of the system. 

The second demonstration was at the request 
of the Air Transport Association's Air Navigation 
Traffic Control Research Group for ATA mem- 
bers. The equipment was installed in ATA’s ex- 
perimental plane, a DC-3. 

The Collins 51R Navigation System includes 


'f' First Demonstrations at Indianapolis 
Successful in Fog and Snow Storm 

a 280 channel receiver covering 108 me to 136 
me in 100 kc steps and provides facilities for the 
following: 

a. Localizers, tone type (90/150 cycles), in- 
cluding flag alarm. 

b. Localizer, phase type, including flag alarm, 
e. Omnidirectional ranges, indicating on 
cross pointer meter, course chosen by manual 
course selector. Includes operation of am- 
biguity indicator and flag alarm. 

d. Omnidirectional ranges which, when auto- 
matically combined with magnetic heading 
information, provide automatic direction 
finding type of presentation in the cockpit. 

The receiver utilizes the exclusive Collins Drift 
Cancelled Oscillator (DCO) circuit which pro- 
vides extremely high stability and rejection of 
spurious signals. Two or more receivers can be 
operated with a single antenna. 

These successful demonstrations are historic 
because they mark the first major step in the de- 
velopment of a complete, fully integrated system 
which will permit guided and controlled flight 
in any direction, on any track, to any point within 
the coverage of the basic radio facilities. 


O COMMUNICATIONS, I 


COLLINS RADIO COMPANY, Cedar Rapids, Iowa 

1 1 W. 42nd Street, New York 1 8, N. Y. 458 South Spring Street, Los Angeles 1 3, Calif. 
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FAMED for ITS RELIABILITY and VERSATILITY 



■ /voftsemM / 

"THE ONE-TON TRUCK OF THE AIR” 


F OR cargo or passengers — on wheels, skis or floats 
—it’s the commercial model of the renowned 
USAAF C-64, but with an extra 500-pounds payload 
capacity which is all profit. The Norseman V is — 

ECONOMICAL — Note these estimated operating 
costs— Fuel, $6.28 per hour; total cost per hour of 
operation, $22.23; cost per ton mile $0,163. Com- 
plete data on estimated operating costs gladly supplied 
in brochure form on request. 

VERSATI LE— The Norseman is a versatile plane— 
was chosen for use with the Byrd Antarctic expedition 
and is being used by Government Departments, fleet 


owners and private individuals. For such varied duties 
as cargo transport, forest patrols, exploration, indus- 
trial development, air ambulance, crop dusting, feeder 
lines for passenger service, etc.— this rugged utility 
plane has proved its ability to do an efficient job. 

CONVERSION KITS-Owners of the USAAF C-64 
can obtain from us the necessary kits to convert to a 
Norseman V with its greater payload— or can fly the 
airplane in to us for conversion. 

The Norseman V is notv available for immediate delivery, 
subject to prior sale or commitment. Write jor full par- 
ticulars, performance data and illustrated catalogue. 


CANADIAN CAR AND FOUNDRY COMPANY LIMITED 

s4c'ic r ui£t “Dtwdaxtt 

621 CRAIG STREET W., MONTREAL, CANADA 

UNITED STATES REPRESENTATIVES:— Pan American Transport, Inc., 2504 Harford Road, Baltimore 18, Maryland) 
Mr. W. Serhus, 1644-2 1st St. N.W., Washington, D.C. • Wiggins Airways, Norwood, Massachusetts. 
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HARTZELL PROPELLER CO. 

DESIGNERS AND MAKERS OF AIRPLANE PROPELLERS AND ENGINE TEST CLUBS 

480 HEITZMAN AVE., PIQUA, OHIO, U. S. A. 


* CAN'T HUM IT 


The ideal controllable-pilch propeller for business 
and pleasure planes will have a simple, dependable 
actuating mechanism; it will respond instantly and 
accurately, within a few RPM, to ordinary push but- 
ton control. Its blades will be impervious to salt- 
water damage; they will be totally unaffected by 
sun or rain,- they will be of solid material, not 
merely covered, so that scratches, abrasion and 
other surface damage will not cause deterioration,- 
they will be much lighter than aluminum, and will 
withstand proportionately as much centrifugal load- 
ing; their section will be approximately as thin as 
that of a metal prop; blade retention will be safe 
beyond the shadow of a doubt. 

Those are certainly the specifications of the ideal 
controllable-pitch propeller. And they're the speci- 
fications of the Hartzell Hydro-Selective Propeller! 

It's a propeller which gives you not only the great 
advantage of pitch control as you fly, but also sim- 
ple mechanism and long-lived dependability ... at 
a cost well within reasonable limits. 

Standard equipment on the REPUBLIC SCAB EE 
and the NORTH AMERICAN NAVI ON 
ALSO AVAILABLE FOR REPLACEMENTS BEFORE TOO LONG 


136 


AVIATION, April, 19- 



The Lowest Priced ALL-METAL Lightplane— and we really mean 
ALL-METAL from Nose to Tail — from Wing Tip to Wing Tip 


The 65 horsepower "Silvaire" Standard is as thrifty as it is 
beautiful. In the air you can cruise at 105 miles an hour, 
getting more than 23 miles per gallon of fuel . . . and on the ground 
Silvaire maintenance cost is lower than that of any other lightplane 
made. That gleaming metal skin is more than a thing of beauty 
it’s your lifetime protection against the elements. It means freedom 
from the expense and worry of fabric deterioration, so common 
with less modern planes — no recovering of weather-weary wings 
or control surfaces. And it means that you have more plane to 
trade, when you may later want a newer model. 





Dallas 1, Texas, U. S. A. 

FIRST IN ALL-METAL PERSONAl PLANES 
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AIRCRAFT BATTERIES 



Favored by owners of 
every type of plane... 

In America’s commercial, military and personal planes, 
there are more Exide Aircraft Batteries than batteries 
of any other make. 

Exide Aircraft Batteries are noted for extra power, 
ruggedness and many distinctive features . . . the result 
of advanced engineering and skilled workmanship 
gained from long experience in meeting aviation’s 
storage battery needs. 

They provide maximum performance per pound of 
weight . . . with dependability, safety, long-life and ease 
of maintenance. There are Exide Aircraft Batteries for 
every type of plane and service. 

r, Philadelphia 32 
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This New L-M Rotating Beacon 


Provides a high intensity beam at tow Cost 



for class I and II airports 


Combines highly efficient performance with economical, 
dependable operation . . . vertical ceiling height indi- 
cator beam . . . simplified, compact construction . . . mini- 
mum maintenance ... no expensive lens system . . . 
light weight . . . easily mounted on pole or rooftop ... no 
external moving parts . . . spare set of sealed beam lamps. 




gs*** 


|l I 


*’ TENT * 


HHNGHH 


Yes, the G.T.M. Catenary Tent Hanger 
is the only answer which provides 
practical low-price housing for per- 
sonal aircraft. 

Constructed in accordance with U.S. 
Army specifications, to resist fire, mil- 
dew and heavy snow loads. 

The hangar is simple and easy to 
erect. No foundation is needed. Can 
be set up by 2 men within an hour. 
We are now in production with two 
series. Series A with a 9' clearance 
and 40' front opening, priced from 
$945 to $1275, depending on shape 
and floor area. Series B made with 
10' 6" clearance and 40' opening for 
amphibious and float planes priced 
from $1045 to $1375. Mass produc- 
tion assures quick deliveries. 


Write for sizes and detailed specifications. 

GENERAL TEXTILE MILLS, INC. 

450 SEVENTH AVENUE, NEW YORK 1, N. Y. 
CHickering 4-6400 
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Because a group of Alcoa engineers and research 
men started working with the aircraft industry 
a number of years ago on a new alloy*, the DC-6 
structure gained an 800-pound weight-saving! 

Alcoa Aluminum Alloy 75S is in wide use, but 
the weight-saving possibilities of this high-strength 
; to be fully utilized. On the DC-6, it 


it four 


r five ■ 


for the i 


a safety and luxury fe; 

This 800-pound weight-saving may- have 
the factor that permitted the extra-spacious 
of the DC-6. Or the large, well-equipped loi 




Or the radiant heating ... or air conditioning and 
pressurizing ... or the heating of flying surface 
leading edges for ice prevention . . . 

No matter how Douglas utilized this weigh t- 

it will in your ship, whatever its size or purpose. 
Research for aluminum’s usefulness has produced 
many a development in recent years, but in no 
industrv have its results exceeded those in avia- 
tion. Literature on 75S is available. Be sure you 
are up to date. Aluminum Company of America, 
2182 Gulf Building, Pittsburgh 19, Pennsylvania. 
Sales offices in principal cities. 


MORE people want MORE aluminum for MORE uses than evt 
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PIONEER 
PARACHUTES 



For Quick, Automatic 

FOOL-PROOF 

FOUL-PROOF 

PERFORMANCE 




IN THREE SECONDS I ... the new Pioneer 
Quick-Fit Parachute Harness can be adjusted 
to give any wearer a Perfect Fit by a simple 
tug at chest and leg straps . . . regardless 
of weight or height. 

AUTOMATICALLY "CUSTOM-BUILT", the 
Quick- Fit Harness allows the parachute to 
be slipped on as easily as a flying jacket . . . 
whether seated or standing in the plane. 



SUPERIOR QUICK-FIT DESIGN eliminates 
all danger of falling out of the 'chute... ends 
all discomfort and uneasiness prevalent in 
conventional types. 

EXCLUSIVE QUICK-FIT FEATURES, com- 
bined with the soft, thin, body-hugging 
Pioneer P3-B Parachute, give the highest 
possible degree of safety and comfort. Pack 
occupies 50% less seating space and is 
20% lighter in weight. 

When you buy the Quick -Fit — P3-B com- 
bination — you buy the world's finest para- 
chute equipment . . . available commercially 
only from Pioneer Parachute Company. 



* Paints applied [or in U. S. 
and all principal countries 
throughout the wtrld. 


PIONEER 
PARACHUTE 
COMPANY, inc. 


IW MANCHESTER, CONN., U.S. A. 

CABLE ADDRESS. PIPAR 

SOUTHWEST FACTORY BRANCH: LOVE FIELD, DALLAS. TER. 


Pioneer Parachute Company, Inc., is a Selling Agent for Surplus Parachutes of the U. S. War Assets Administration. 
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Positive Action 
Accurate 
Flow 



PARKER Fuel Selectors— cither manual or motor-driven with 
geneva-loc actuators — provide accurate port positioning . . . give 
uniform performance over a wide range of temperatures and 
pressures. 

Pressure-balanced design makes possible an operating range 
from 0 to 50 psi . . . without increasing torque or changing 
indexing characteristics. And low pressure drop is a recognized 
feature of cylindrical-type selectors. 

Reliability of PARKER Fuel Selectors has been proved under 
extreme operating conditions ... in thousands of military and 
commercial planes. 

THE PARKER APPLIANCE COMPANY 

17325 Euclid Avenue • Cleveland 12, Ohio 


Offices: New York, Chicago, Los Angeles, Dallas, Atlanta 
Distributors in Principal Cities 


Swing Check Valves 


Engine Primers, Strainers, 
Drain Cocks 



• Underwing Fueling Units 
and Hose Nozzles 

Write for Bulletin A4I, review- 
ing PARKER Aircraft Products. 
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A GOOD EXAMPLE OF SAFE FLYING 



STANDARD OIL COMPANY 


(NEW JERSEY) 

equips Beechcraft and Lockheed Transports 
with Irvin Custom-Built Chair Chutes 


T HE Standard Oil Company (New Jersey) is another in the 
growing list of well-known plane owners using Irvin Cus- 
tom-Built Chair Chutes. This new kind of chute not only makes 
flying decidedly safer, it has many other advantages as well. 
Chair Chutes are built into your plane . . . fitted into the back 
of each chair. You don’t have to "remember” them . . . wear 
them . . . carry them about ... or find a place to store them. 
They're always in your plane ... in the back of each seat . ... 
instantly available in an emergency. Irvin Custom-Built Chair 
Chutes can now be had for all types of planes . . . large or small. 
They’re completely illustrated and described in our Chair Chute 
circular. Write for a copy today. 



FEEL SAFER. ..BE SAFER... with Irvin Cuitom-Built Choir Chutes 

There arc iioto over 35,000 registered members of the 
Caterpillar Club. Should you qualify, please write ns. 
Illustration shows Irvin Custom-Built Chair Chutes 
installed in a Beechcraft. Chair Chutes combine 
beauty, convenience and comfort with tested safety. 
They cost you little... are easily installed. Get them 
for the plane you own or plan to buy. 


IRVING AIR CHUTE CO., INC. 

1671 JEFFERSON AVENUE, BUFFALO 8, NEW YORK 

Pacific Coast Branch: 1500 Flower St., Glendale 1, Calif. 






THE FIRST ALL-PURPOSE 
AVIATION GREASES! 


Withstand Heat, Water, Cold ! 



1. STRONA LT-1 and HT-1 ate the first all-purpose 
aviation greases in history! Together, the two grades 
give maximum lubrication at temperatures from 300°F. 
to -40°F. — give thorough protection against corro- 
sion and the effects of salt water spray. 



2 . STRONA strontium base greases can lubricate 90% 
of the parts on transport aircraft and 100% of the parts 
on light planes! STRONA LT-1 and HT-1 perform 
jobs which formerly required from 8 to 12 different 
greases! DOUGLAS AIRCRAFT COMPANY speci- 
fies STRONA for 85% of che total lubrication points 
of the DOUGLAS DC-4 and DC-6! 



3 , In severe ten-month tests conducted by a leading 
world airline, transports flying regular schedules were 
lubricaced on one side with STRONA greases and on 
the other side with numerous regular aircraft greases. 
Parts lubricated with STRONA operated without 
grease change 7 rimes as long as parts using ordinary 


4 . STRONAgreases are now specified for use by leading 
plane manufacturers and airlines. Fixed base operators 
and private plane owners have found STRONA LT-1 
and HT-1 the answer to simplified, thorough lubrica- 
tion. STRONA keeps lubricant inventory and mainte- 
nance costs at a minimum. 
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The luxurious cabin in Stinson's new 1947 Voyager gives passen- 
gers and pilot the ease and comfort they appreciate on cross-country 
trips. And those soft long-wearing seats are cushioned with Nukraft 
. . . the patented figure 8 hair-latex cushioning. 


■TOR SOLID COMFORT" 


Nukraft — available with or without foam rubber topper pads— is 
the miracle cushioning that adds extra comfort — extra life — to seat- 
ing. It can be pre-cut to any size or shape, if desired, and can 
be sewed, tacked, or tied into position. Best of all, its use is eco- 
nomical. Write today— find out how fly-light Nukraft can help you. 



MANUFACTURING CO., INC. 

710 S. NOBLE STREET, SHELBYVILLE, IND. 
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PLANE TALK 


Haskelile's thorough knowledge of aircraft plywood requirements is based 
on 27 years of experience in perfecting and manufacturing this material. 
The result: a new standard for aircraft plywood. The uniformity and de- 
pendability of Haskelite Aircraft is assured by careful selection and testing 
of the individual veneers, and close control and engineering of the material 
in production. For example, in 1944-1945 over 100,000 sq. ft. of material was 
used for test purposes in the Haskelite laboratory in order to guarantee this 
high quality. 

This policy has meant that Haskelite Aircraft Plywood 
panels will surpass the existent Army-Navy specifications. 

This is why aircraft plywood made by Haskelite has proved 
itself to be the Quality aircraft plywood since 1917. 



LIGHT WEIGHT + HIGH RIGIDITY = 


MANUFACTURING CORPORATION 

>ept. AV-1, GRAND RAPIDS 2, MICHIGAN 
IEW YORK CHICAGO CLEVELAND ST LOUIS 
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YEARS OF [■ LIGHT-METAL KNOW-HOW 



A big Plus when you consider FLOOR BEAMS of American Magnesium 


There's many a cost-cutting opportunity in the 
ease with which aircraft parts may be extruded, 
ready for use, in American Magnesium! Time- 
consuming design and production of com- 
ponents are eliminated. Costly assembly of 
built-up parts is not required. The extruded 
member is ready for use. 

In addition to production savings, the weight 
saving of an American Magnesium structural 
part is appreciable, for magnesium is 35% 
lighter than aluminum, 75% lighter than steel! 

Alcoa's fifty-nine years of Flight-metal 
know-how is yours to draw upon in applying 
American Magnesium ... to help you solve the 
economic, and engineering, and production 
problems that come with every aircraft part. 


Call your nearest Alcoa sales office, or write 
Aluminum Company of America, Sales agent 
for American Magnesium products, 1713 
Gulf Building, Pittsburgh 19, Pennsylvania. 



AMERICAN 


MAGNESIUM 
CORPORATIO N 


SUBSIDIARY OF ALUMINUM COMPANY OF AMERICA 




"HOW 

"CAN THIS I 

A 

DO WE FINISH..." 

BE DEEP DRAWN. .."V 


ASK QUESTIONS! 

In order to make available the wide fund of technical 
knowledge and shop practice that stands behind American 
Magnesium, we need to know your problem. Technical 
literature or engineering help is yours on request. 
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DIFJJCULT 
FASTENING JOBS 


DILL 


Triple Duty Fastener 

RIVET -ANCHOR NUT • SCREW LOCK 


Blind or Visible Attachment 


Used by the /millions 
For Hundreds of Uses - 

Drill ONE Hole 


Insert LOK-SKRU 

(Types with fla», flesh, toe. 



I Riveted securely 
by drawing sleeve 
against inner side of 
metal with special 
power or hand tool. 


4 Attachment fastened 
by screw locked in 
anchor nut. 
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THE DHL MANUFACTURING CO. 

FACTORY BRANCH 

TOO lost 82nd St. 1011 S. flower St. 
CLEVELAND, OHIO LOS ANOELES, CALIF. 


THE AVIATION STANDARD 

/ SCREW LOCKING ANCHOR NUT USES 
f/yl AND METAL TO METAL RIVETING 
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voltages 


at 


high 

currents 


WITHOUT 

BATTERIES 


The Sorensen NOBATRON pro- 
vides a new source of DC voltages 
regulated at currents previously 
available onl y with batteries. 
Six standard NOBATRON models 
operate on a 95-125 volt AC 
source of SO to 60 cycles and 
provide currents of 5, 10, and 
1 5 amperes at output voltages 
of 6, 12, or 28. 

Ideally suited for critical ap* 
plications where constant DC 
voltages and high currents are 
required, the NOBATRON main* 
tains a regulation accuracy of 
i/j of 1 %, RMS of 1 % and has 
a recovery time of 1/S of a 
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CLEAN- 

TIGHT- 

TROUBLE-FREE!! 



KESTER CORED SOLDERS 




Young 

OIL TEMPERATURE REGULATORS 

FOR PERSONAL AIRPLANES 


Ok 

irsc'.ssii. 

m 

FOR EVt 

KESTER 



Young# 


HEAT TRANSFER PRODUCTS 
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STANDARD PRESSED STEEL CO. 

JENKINTOWN, PENNA., BOX ET1 • BRANCHES: BOSTON • CHICAGO ■ DETROIT • INDIANAPOLIS • ST. LOUIS ■ SAN FRANCISCO 


PRECISION MANUFACTURE 

are absolutely necessary 
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Distributors appointed by the War Assets 
Administration to dispose of the vast quantity 
of surplus have become the Mecca of alert buyers of 
aircraft components. 

Airlines and manufacturers — foreign and domestic— are 
availing themselves of this opportunity to purchase needed 
parts and equipment at a fraction of their original cost. 


Get to know these distributors — who they are — where they are 
—and what they sell. WAA has prepared a booklet which gives 
you this valuable money-saving information. It’s yours for the asking — 
just fill out and mail the attached coupon. 



War Assets Administration 
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— Airline operators , scheduled, non-scheduled 
and feeder, at home and abroad. 



— Fixed base operators, maintenance organi- 
zations and individual flyers anywhere. 


War Assets Administration . . . 
a government agency for the 
disposal of surplus property. 
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WHY USE GEARS 

FOR OFFSET SHAFTS 


WHEN WALKER-TURNER FLEXIBLE 
SHAFTING SAVES 25 TO 75%? 



Flight Engines 
Navigation Equipment 



C omplete line of 
production parts 


One easy-to-connect flexible shaft repla 


a sleeve bearing, a pillow block, and much machining and 
assembly time in the example shown above. It saves 25 to 


THE S. A. LONG CO., INC. 

650 EAST GILBERT • WICHITA 1, KANSAS 


75% of the cost! 


Just look over your own designs and you'll find many 
similar details where you, too, want control or power shaft- 
ing that acts like a direct connection, goes around corners, 
dodges obstacles, isolates vibration, and carries its own 
bearings. Shafting that's easy to assemble and easy to 
service. Shafting that's no sissy in the tough spots. 


That's Walker-Turner flexible shafting. All types for all appli- 
cations. We'll help with the design at no obligation to you. 



FITZGERALD 

GASKETS 

FOR AIRCRAFT ENGINES 

GASKET CRAFTSMEN FOR 41 YEARS 
Write for information 

FITZGERALD MANUFACTURING COMPANY 

TORRINGTON, CONN. 

BRANCHES CHICASO AND LOS ANGELES 
CANADIAN FITZGERALD, LTD., TORONTO 


FITZGERALD 
Vss. GASKETS 
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Where To Buy 

NEW EQUIPMENT —ACCESSORIES — MATERIALS — 
SERVICES AND SUPPLIES 

BUILD YOUR OWh 
LOWEST COST CAN1 

II A IN ( 

STEEL CONSTRUCTION 

No. IS Door 294 x 8-0 Depth 19-8 
No. 2S 384 x 8-0 25-8 

No. 3S 474 x 10-0 31-8 

Blueprints $40 each 

CANTILEVER HANGAR SYNDICATI 

—ONE OR MANY 

ILEVER T-NESTED | 

KARS 

WOOD CONSTRUCTION 
No. 1W Door 284 x 8-0 Depth 184 : 

No. 2W 374 x 8-0 274 

Blueprints $20 each 
Igned to Order 

211 Fulton Street, Peoria, Illinois 

^ CHR0N00RAPH-CHR0N0MAT WATCHES 

PRINTED TAPE 

— For "Parts" Marking - 

TOPFLIGHT TAPE CO. 

THE 

WHERE TO BUY SECTION 

of 

"AVIATION; 

supplements other advertising in this issue with these additional 
announcements of products and services essential to modern 
aeronautical work. Make a habit of checking this page each issue 
Classified Advertising Division 

AVIATION 


DE_PENDABILIT_Y 

accuracy" ~ 

ECONOMY'!. 


c 




WHITEHEAD STAMPING CO. 
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AIRCRAFT ACCESSORIES AND INSTRUMENTS 


APPROVED REPAIR STATION IBB 

CARBURETORS • MAGNETOS • GENERATORS 
ELECTRICAL EQUIPMENT • BATTERIES • SPARK PLUGS 
VACUUM PUMPS • HYDRAULIC PUMPS • INSTRUMENTS 

STANDARD AIRCRAFT EQUIPMENT CO. 


ROOSEVELT FIELD 


MINEOLA, L. I 


GARDEN CITY 8753 


EXPORT MANAGER WANTED 
Airplanes and Equipment 

AIRCRAFT 

INSTRUMENTS 

Aw 8t~'«A^ KnllOTanV™"*’ BI4.S0 

POSITION WANTED 

ELECTRONICS ENGINEER with background 


OTHER INSTRUMENTS ON REQUEST 
ALL INSTRUMENTS ARE 100% OVER- 
HAULED BY CAA APPROVED SHOP. 
NO FINER INSTRUMENTS AT ANY 
PRICE. 

ALLIED AIRCRAFT CO. 

CLARENDON HILLS, ILLINOIS 

REBUILDING 

AIRCRAFT BATTERIES rebuilt 

FOR SALE 



Schools 

WANTED 






RISING ESTABLISHED im 

SUN School of Aeronautics 


GOVT. CAA»' VETERAN APPROVED 


Professional 

Services 

NEW 

DIFFERENT 

AIRPORT OPERATION 
MANAGEMENT 

Ej|CI a’lts A. ii. ready. An jn- 

Pan American 
Navigation Service 

LANCASTER, ALLWINE & ROMMEL 
Registered Patent Attorneys 

YARDENY 

ENGINEERING COMPANY 

RBUOTB CONTROLS 

CONSULTATION . DEVELOPMENT - DESIGN 


AUTHENTIC 



AVIATION DICTIONARY 

by CHARLES A. ZWENG 
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. BEARINGS . BOXES ( JUNCTION ) . BUSHINGS 

. CABLE . CLAMPS . CANVAS . CIRCUIT BREAKERS 
. CONDUIT . CONDUIT ASSEMBLIES . CONNECTORS 
COUPLINGS . COVERS ( BOX ) . CROSS . DUCT ( HEATER ) 

DUCT ( DE ICER ) . ELBOWS . FASTENERS . FERRULES 

FITTINGS . FUSES . GAUGES . HINGES . HOSE (RUBBER) 
JUMPERS . LAMPS . LIGHTS . NIPPLES . NUTS (BOOTS. 
ELASTIC. PEM) . PINS (COTTER) . PLUGS . PUMPS 

REDUCERS . RELAYS . RIVETS (EXPLOSIVE. PLAIN) 

RIVNUTS . RECEPTACLES . SCREWS . SLEEVES 

SHEET (RUBBER) . SOCKETS . SPACERS . STRAPS 
SWITCHES . SWIVELS . TEES . TERMINALS 

THERMOCOUPLES . THIMBLES . TURNBUCKLES . UNIONS 
VALVES . WASHERS . WHEELS (CONTROL) . WIRE . 


V 

V 


121 ALL NEW 
AIRCRAFT CHAIRS 


WRITE ON YOUR COMPANY 
LETTERHEAD FOR STOCK LIST. 
QUANTITY USERS ONLY! 
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Bearing roll heads will ultimately wear themselves down to spherical form where they 
operate against the flange. The flange will also wear itself down to inverse spherical 
form (concave) to exactly fit the roll head • The action is commonly known as "wearing 
in” or “running in” and must be followed by a "final" adjustment to take up the “play”. 
Both are costly disadvantages • Bower Spher-O-Honed Bearings are so designed and 
processed that the “ultimate" spherical contour of the contacting roll ends is formed before 
bearings are installed. Being so processed, these surfaces take the form of a segment of 
a true sphere. For this reason. Bower Tapered Roller Bearings can be permanently in- 
stalled without the necessity of wearing-in, running-in or final adjustment • This im- 
portant advantage is attained by the use of processing machinery exclusively designed 
and built by Bower engineers. Numerous advantages are the result— among them rigid 
roll alignment, smooth, quiet operation, better lubrication and long, trouble-free service. 


r BOWER 

TAPERED 1 

SPHEROHONED 

k ROLLER i 
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BOWER ROLLER BEARING COMPANY 


DETROIT 14, MICHIGAN 




Highlights from a comprehensive report by independ- 
ent investigator of James O. Peck Co. — one of their 
studies of assembly savings made with Phillips Screws 
in leading plants . . . 

• “We made an important saving we hadn't counted 
on when we switched to Phillips Recessed Head 
Screws,” said the foreman of Coolerator's assembly 
line. “Instead of the expensively long period usually 
required to train operators to drive slotted screws, 
we found that new people could start driving 
Phillips Screws with a few simple instructions. Since 
we use about 125 Phillips Screws in every Coolerator 
anil our daily production is 800, there isn’t much 
time for teaching anyone how to drive a screw. 
"easier to use, especially in awkward or blind appli- 
cations . . . like fastening the black base to the bot- 
tom of the unit or attaching the ice container to the 
box. \ ou have practically no control over slotted 
screws, while Phillips Screws are easy to line up. 
"stopped panel damage and burring of heads. Assem- 
bly people used to almost write their names on the 
sides of the units when aslotted screw driver slipped. 
That cost real money . . . for disassembly, refinish- 
ing and reassembly, not to mention the disruption 
of the assembly line. Phillips Screws ended slips. 
the whole story of this and other assembly studies 
in key plants . . . covering metal, wood and plastic 
products . . . will suggest similar savings to any pro- 
duction man. This coupon will bring you these 
reports- -FREE. Mail it now. 


PHILLIPS SCREWS 

Wood Screws • Machine Screws • Seif-tapping Screws • Stove Bolts 

American Straw C». _ ^,,0/f^ Reading Strew Co. 

Central Strew Ce. SMwW Ru..ell Bn, d. all A Ward 
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537 Speed Nuts and Speed Clamps 

reduce assembly time and do a better, 
vibration-proof assembly job . . . 


When North American Aviation wanted to get better, faster 
assembly on their new Navion, they turned to SPEED NUTS and 
SPEED CLAMPS for non-structural attachments just as they did 
during the war on their famous Mustang P-51 fighter. 

Using the SPEED NUT System saves weight, speeds up assembly, 
eliminates vibration loosening and protects plastic against 
breakage — all of which reduces costs. 

The SPEED NUT line was proven in wartime aviation and is 
now contributing to better peacetime flying. Try SPEED NUTS 
next time. Fully approved by C.A.A. for non-structural attachments. 

TINNERMAN PRODUCTS, INC. 

2070 Fulton Road • Cleveland 13, Ohio 






FASTEST 


THING 
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FASTENINGS 




RELY ON BENDIX RADIO 


Where scheduled, dependable airline operation is maintained — anywhere in the 
world — Bendix Radio equipment fills a vital need. For radio navigation and 

communication, Bendix is standard not only in America, but the world over, 
This wide acceptance is firmly based upon Bendix Radio’s outstanding experience 

in building radio navigation and communication systems for all types of aircraft. 


America’s airlines specify Bendix Radio for the finest in radio equipment 
— backed by the greatest name in aircraft radio. 


It's New!. ..It's Bendix I 

IMPROVED BENDIX TYPE MN-76A IRON CORE LOOP 

For higher speed flying, Bendix Radio has the answer. This new, smaller 
iron core loop has a greatly improved electrical and aerodynamic design 
— outperforms older loops having ten times the drag. It's new — it's 
basically better — it’s built by Bendix Radio. 


Write for a copy of this interesting book 


(Tbendix radio D 

BENDIX RADIO DIVISION 

OF BENDIX AVIATION CORPORATION 

BALTIMORE 4, MARYLAND 

West Coast Branch: 1 239 Airway, Glendale 1, California 





